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FOREWORD 

Aerojet-General Corporation i s  proceeding with t h e  design and development of 
t.he SNAP-8 Power Conversion System, as authorized by Xat ional  Aeronautics and Space 
Administration Contract No. NAS 5-417. 

The ultimate objec t ive  of  t h e  SNAP-8 Program i s  t o  des ign  and develop a 35-kw 
e l e c t r i c a l  generat ing system f o r  use i n  var ious space missions.  The power source 
w i l l  be a nuclear  r eac to r  furnished by t h e  Atomic Energy Commission. 
system w i l l  use a e u t e c t i c  mixture of sodium and potassium ( N a K )  as t h e  r e a c t o r  
coolant  and w i l l  operate  on a Rankine cycle ,  with mercury as t h e  working f l u i d  f o r  
t he  turbogenerator .  The SNAP-8 system w i l l  be launched from a ground base and w i l l  
be capable of unattended full-power opera t ion  f o r  a minimum of 10,000 hours.  A f t e r  
t h e  system i s  placed i n t o  o r b i t ,  a c t i v a t i o n  and shutdown may be accomplished by 
ground command. 

The SNAP-8 

This semiannual materials r e p o r t  i s  submitted i n  p a r t i a l  f u l f i l l m e n t  of  t h e  
cont rac t .  Pa r t  of t h e  information appearing i n  t h i s  volume w a s  prepared a t  Aerojet-  
General Nucleonics, San Ramon, Cal i forg ia ,  under Aerojet-General Corporation Sub- 
cont rac t  274949. 

The Component Mater ia l s  Development Program was under t h e  management of 
R .  S. Carey, Head, Technical Support Dept., SNAP-8 Divis ion,  Von Karman Center. 
The work a t  the Von Karman Center w a s  done under t h e  d i r e c t i o n  of H. Derow, Head, 
Materials Section, SNAP-8 Division. The work a t  Aerojet-General Nucleonics w a s  
done under t h e  d i r e c t i o n  of  B. E .  Farwell ,  Head, SNAP-8 Sec t ion ,  Metallurgy Dept., 
Applied Science Divis ion.  The fol lowing engineers  cont r ibu ted  t o  t h e  var ious  pro- 
grams : 

A t  Von Karman Center - H. B l e i l ,  J. Barry, F. Cassidy, C .  Landusky and 
R ,  McPherson. 

A t  Aerojet-General Nucleonics - A. R .  Herdt,  B. Kountanis, E.  F. MeDaniel, 
J. H. Ralphs, and M. K. Wong. 

The work performed by R .  Bear of t he  NASA Lewis  Research Center i n  evalu-  
a t i n g  t h e  r e f r ac to ry  bimetal  tube  material d i f fus ion  specimens i s  g r a t e f u l l y  
acknowledged. 

The suggestions and guidance of W. Titus and M. Parkman, Metallurgy Depart- 
ment, Aerojet-General Nucleonics; and P. Stone and J. Merutka, SNAP-8 Pro jec t  
Off ice ,  Lewis Research Center, NASA, are g r a t e f u l l y  acknowledged. 
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Al t e rna to r  assembly 
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Acceptance tes t  loop 

NASA-Azusa F i e l d  Office 
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D i g i t a l  da t a  a c q u i s i t i o n  system 

Drawing 

E lec t r i ca l -d i scha rge  machining 
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E l e c t r i c a l  generat ing system 

Electromagnetic 

Electromagnetic equivalent  

F l i g h t  prototype system 
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Ground prototype 

Ground prototype 
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Company 
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sys  tern 

tes t  f a c i l i t y  
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HR 
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L/CL 
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LML 
LMS 
LNL 

LOL 

LOS 

LPL 

MIS 

ML 

MLA 

m2s 
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NaK 

NASA 

J!n? 
"Fa 
NPA 

Heat r e j e c t i o n  

Heat r e j e c t i o n  f l u i d  

Heat r e j e c t i o n  loop 

Heat r e j e c t i o n  system 

Heat- t ransfer  loop 

Lubricant /coolant 

Lubricant /coolant loop 

Lewis  Research Center 

Liquid mercury loop 

Liquid mercury s tand  

Liquid NaK loop 

Liquid organic  loop 

Liquid organic s tand 

Low power loop 

Mercury i n j e c t i o n  system 

Pyre-ML, Du Pont polyimide 
organic  r e s in ;  as employed 
i n  s t a t o r e t t e  ser ia l  numbers, 
i n d i c a t e s  t h e  use of t h i s  
substance 

Mercury loop assembly 

Mercury -ni t rogen system 

Mercury pump motor assembly 

Eu tec t i c  mixture of sodium 
and potassium 

National  Aeronautics and 
Space Adminis t ra t ion 

Nuclear f a c i l i t y  

NaK hea t - r e j ec t ion  assembly 

NaK pump assembly 

v i  i 
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GLWSARY (cont . 

NPMA 

Nps 

NPSH 
NS 

NSL 

ORNL 

PBRF 

PCS-1 

PCS - 2 

PCS-3 

PCS-4 

PF 
PL 

PLR 

PMA 
PNLA 

PO 

PTAT 

m 
RB 
RPL 

sc 
S8DS 

S8ER 

SL-1 

NaK pump motor assembly 

Nuclear power system 

Net pos i t i ve  suc t ion  head 

Nuclear system 

NaK simulation loop 

Oak Ridge Nat ional  Laboratory 

Plum Brook Reactor F a c i l i t y  

Power Conversion System No. 1 

Power Conversion System No. 2 

Power Conversion System No. 3 
Power Conversion System No. 4 
Power f a c t o r  

Primary loop 

P a r a s i t i c  l o a d  r e s i s t o r  

Pump motor assembly 

Primary NaK loop assembly 

Purchase order 

Preliminary type -approval t e s t  

Pressure-volume-temperature 

Rockwell B (hardness)  

Rated power loop 

Speed cont ro l  

SNAP-8 development system 

SNAP- 8 experiment a 1 r e  a c t  or 
System Loop Test  F a c i l i t y  No. 1 

SL-2 System Loop Test F a c i l i t y  No. 2 

SL-3 System Loop T e s t  F a c i l i t y  NO. 3 
SL-4 System Loop T e s t  F a c i l i t y  No. 4 
SMLT S t r u c t u r a l  mockup 

SNAP Systems for Nuclear Auxi l ia ry  

SR Saturable  r e a c t o r  

ss S t a i n l e s s  s t e e l  

TA Turbine assembly 

TAA Turbine-a l te rna tor  assembly 

TAT Type-approval t e s t  

TCL Thermal convection loop (AGN) 

TR Transformer-reactor (assembly) 

TS Test s ec t ion  

TRW Thompson Ramo Wooldridge 

TSE Test  support  equipment 

VLB Vehicle load breaker  

VR Voltage r egu la to r - exc i t e r  

W/O Without 

woo Western Operations Office 

Standing alone (i .e. , no t  
preceded by l e t t e r s  of t h e  
a lphabe t ) ,  t hese  des igna t ions  

SNAP-8 hardware 

Power 

-2 i n d i c a t e  design s t ages  of 

-3 

v i i i  
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SNAP-8 MATERIALS REPORT FOR JULY-DECElR 1964 

by H. Derow and B. E. Farwel l  

Aerojet-General Corporation 

SUMMARY 

Work w a s  performed during t h e  second h a l f  of t h e  1964 calendar year with t h e  
aim of providing d a t a  t o  guide t h e  s e l e c t i o n  of ma te r i a l s  f o r  SNAP-8 system compo- 
nents  and of providing me ta l lu rg ica l  a s s i s t ance  i n  t h e  design, development, f a b r i -  
cat ion,  and t e s t i n g  of t h a t  system. The summary of t h i s  work appears below. 

Fabr ica t ion  Support 

A prototype -1 condenser tube-to-tube sheet  j o i n t  sample represent ing  t h e  
0.5- in . -dia  tube end w a s  f ab r i ca t ed  and tested.  It es t ab l i shed  t h e  f e a s i b i l i t y  of  
cons t ruc t ing  a condenser by r o l l i n g  and welding t h e  0.5-in.-dia condenser tube  end 
followed by welding and back-brazing the 0.25-in.-dia condenser tube end. 
of t h e  sample were examined after welding, a f t e r  stress r e l i e v i n g ,  and after expo- 
sure t o  a simulated 1 8 0 0 ' ~  cleaning cycle and a 1950°F brazing cycle.  The r o l l e d  
and welded O.5-in.-dia tube  end j o i n t  was unchanged by t h e  thermal t rea tments ,  i n -  
d i c a t i n g  t h a t  back-brazing of t h e  O.25-in.-dia end would not de t r imenta l ly  a f f e c t  
a prev ious ly  r o l l e d  and welded condenser 0.5-in.-dia tube-to-tube sheet  j o i n t .  

Sec t ions  

Oxidation of S t e l l i t e  6B components i n  a i r  a t  1600°F f o r  one hour produced a 
s a t i s f a c t o r y  a n t i g a l l i n g  oxide coa t ing  f o r  t h e  tu rb ine  assembly l abyr in th  seals. 
The high-temperature treatment d i d  not de t r imenta l ly  a f f e c t  t h e  dimensional accur- 
acy of t h e  p a r t s .  

Product ion prototype ceramic te rmina l  l eade r s ,  used on t h e  speed con t ro l ,  
were eva lua ted .  The Koldweld (pressure weld) bond between t h e  aluminum header 
housing and t h e  copper t e rmina l  mounting f lange  w a s  found t o  be me ta l lu rg ica l ly  
sound, uniform, and reproducible.  Helium l eak  t e s t i n g  and pulse-echo u l t r a s o n i c  
in spec t ion  appear adequate f o r  eva lua t ing  t h e  soundness of the j o i n t .  

An argon drying t r a i n  w a s  designed, f ab r i ca t ed ,  and t e s t e d  a t  Von Karman 
Center f o r  use i n  furnace s t r e s s - r e l i e v i n g  9Cr-lMo s t e e l  weldments. Through addi -  
t i o n a l  experience i n  l o c a l  s t r e s s - r e l i e v i n g  of s e v e r a l  components, necessary pro- 
c e d w a l  changes were made i n  t h e  Aerojet-General Corporation s p e c i f i c a t i o n  covering 
t h i s  opera t  ion.  

System Test Support 

Based on mercury capsule work a t  LeRC, it w a s  decided t h a t  a l l  mercury-loop 
components would be thoroughly cleaned t o  e l imina te  p o t e n t i a l  sur face  o i l  r e s idue  
p r i o r  t o  loop assembly. L e w i s  Research Center work ind ica ted  t h a t  an o i l  f i l m  on 

i x  
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a b o i l e r  tube w a l l  could r e s u l t  i n  a nonconditio ed b o i l  r which would not  proper ly  
produce superheated mercury vapor. Two cleaning procedures were established u t i l -  
i z i n g  an a lka l ine  r u s t  remover (MX-12, produced by Cee Bee Chemical Company), f o l -  
lowed by an a lka l ine  de te rgent  (Alconox, produced by Alconox Inc.  of New York C i t y ) .  
One procedure involves use of an u l t r a s o n i c  technique f o r  small components; t h e  

nents .  The PCS-1 system w a s  cleaned using these  methods. 
1 second procedure involves use of a c i r c u l a t i n g  f l u s h  technique f o r  l a r g e r  compo- I 

Loop t e s t s  a t  AGN ind ica ted  t h a t  b o i l e r  decondi t ioning can be expected if a 
s i l i c o n e  o i l  f i lm i s  deposi ted on t h e  b o i l e r  mercury tube w a l l .  I n  cases  where 1 
such a depos i t  was present ,  it w a s  found t h a t  a l k a l i n e  cleaning would remove it 
but t h a t  a run-in per iod w a s  requi red  t o  r e s t o r e  t he  f u l l y  conditioned state. When 
p a r t i a l  surface condi t ioning e x i s t s ,  a lower outgassing pressure ,  approaching 5 m i -  
crons,  during pre-run outgassing appears t o  be b e n e f i c i a l  i n  producing s a t i s f a c t o r y  
b o i l e r  performance. 

l 
I 

Compatibil i ty t e s t  capsules  containing combinations of thermowell materials 
(316 and 410 SS) and l i q u i d  indium (used as a h e a t - t r a n s f e r  medium between t h e  
thermowell tube w a l l  and t h e  recording thermocouple) were opened and examined 
after 1000 hours o f  exposure a t  1300°F t o  a i r .  
by t h e  indium were noted. The indium had completely d isp laced  i t se l f  from the pool  
a t  t h e  bottom o f  t h e  capsule and had t inned  a l l  metal sur faces .  The test  was re- 
star ted toward 2000 hours of  t o t a l  t es t  time. 

No de t r imen ta l  corrosion e f f e c t s  

The formation, c h a r a c t e r i s t i c s ,  and d i s s o l u t i o n  of s o l i d  and l i q u i d  mercury- 
rubidium amalgams was s tudied .  Rubidium i s  a p o t e n t i a l  add i t ive  t o  a mercury 
Rankine cycle  system t o  promote b o i l e r  condi t ion ing  f o r  proper hea t  t r a n s f e r ,  and 
thus  proper generation, of superheated mercury vapor. Liquid mixtures of rubidium 
and mercury were e a s i l y  produced s o  long as t h e  environmental  temperature w a s  main- 
t a ined  above the l i qu idus  temperature of t h e  s p e c i f i c  mixture composition. The 
chemical p rope r t i e s  of t h e  rubidium-mercury amalgams were found t o  be  e s s e n t i a l l y  
similar t o  those of rubidium i t s e l f ,  except f o r  a s i g n i f i c a n t  decrease i n  t h e  reac-  
t i o n  rates. The s o l i d  a l l o y s  are hard,  b r i t t l e ,  m e t a l l i c  substances,  but are com- 
p l e t e l y  soluble  i n  excess mercury a t  room temperature s o  long as t h e  r e s u l t a n t  
so lu t ion  contains less than  about 1 wt% of rubidium. So l id  mercury-rubidium amal- 
gams with a rubidium content  up t o  17.6 w t $  decompose without a v i o l e n t  r e a c t i o n  i n  
the  presence of air  o r  water at room temperature .  Water produces a more r ap id  re-  
a c t  ion.  

A t  various shutdown times during component t e s t i n g  i n  rated power loop 2 
(RPL-2), port ions o f  t he  system pip ing  as w e l l  as i n d i v i d u a l  components were re- 
moved f o r  ana lys i s  and eva lua t ion  of cor ros ion  occurr ing  during loop opera t ion .  
I n  t h e  N a K  primary loop, a fa i led thermocouple w e l l  w a s  removed and examined. 
w a s  concluded t h a t  t h e  c ros s - sec t iona l  area of t h e  weld between t h e  end can and 
t h e  thermowell tube w a s  s u b s t a n t i a l l y  reduced during f a b r i c a t i o n .  F a i l u r e  oc- 
curred i n  t h e  weld, probably due t o  ove r - in se r t ion  of  t h e  sheathed thermocouple 
during loop assembly. 
t he  NaK stream were heavi ly  carburized.  

It 

All 316 SS sur faces  of t h e  thermowell which were exposed t o  
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Af te r  800 hours of operation, a sec t ion  was cut  from t h e  RPL-2 RaK primary 
loop a t  t h e  input s ide  of t h e  electromagnetic (EM) pump. A sur face  depos i t  w a s  
found on t h e  i n t e r n a l  sur face  of t h e  pipe. Analysis i nd ica t ed  t h a t  t h i s  depos i t  
was pr imar i ly  i r o n  and chromium, with approximately 3- l /2  times as much i r o n  as 
chromium. 
sur face  under t h e  depos i t .  
produced by mass t r a n s f e r  i n  NaK systems operated with a high oxygen content (Tee., 
approximately 100 ppm o r  above). Such a condi t ion  e x i s t e d  i n  t h e  RPL-2 YaK p r i -  
mary loop, due t o  a previous NaK hea te r  f a i l u r e  which r e s u l t e d  i n  massive a i r  con- 
taminat ion of t h e  loop. 

A l a y e r  of i n t e rg ranu la r ly  deposited carb ides  w a s  found on t h e  p ipe  
The condition of t h i s  s e c t i o n  appeared t y p i c a l  of t h a t  

Af t e r  approximately 45 hours of operation, a 316 SS l i q u i d  mercury f i l t e r  i n  
RPL-2 w a s  removed and evaluated. Some depos i t  w a s  found on t h e  in s ide  sur face  of 
t h e  f i l t e r  case and i n  quiescent areas  in s ide  a pe r fo ra t ed  f i l t e r  element sheath.  
No depos i t  w a s  found on t h e  f i l t e r  cloth.  The p a r t i c l e s  ranged i n  s i z e  from 0 .5  t o  
25 microns. The l a r g e r  p a r t i c l e s  appear t o  be agglomerations of t h e  smaller. 
Analysis of t h e  res idue  showed it t o  consis t  p r imar i ly  of chromium and i ron ,  with 
approximately twice as much chromium a s  i ron .  Nickel, s i l i c o n ,  and molybdenum were 
a l s o  present .  

The f i l t e r  from t h e  Dowtherm loop of t h e  RPL-2 system w a s  removed and d i s -  
assembled after 45 hours of opera t ion  because t h e r e  w a s  a l a r g e  increase  i n  pres -  
su re  drop across  t h e  element. A slime covered t h e  f i l t e r  element and t h e  f i l t e r  
case. Analysis  of t h i s  ma te r i a l  indicated t h a t  t h e  f i l t e r  accumulation w a s  proba- 
b ly  due t o  removal bythe Dowtherm o f  an  i r o n  oxide coa t ing  from t h e  su r face  of t h e  
carbon s t e e l  loop piping. Such a coating was present  when t h e  loop w a s  constructed.  

Lubricant -Coolant F lu id  Evaluat ion 

Ana ly t i ca l  methods were es tab l i shed  f o r  eva lua t ing  t h e  lubr icant -coolan t  (L/C) 
f l u i d ,  Mix-kP3E e 

mer r a t i o s  and v o l a t i l e  impur i t ies ,  halogen ana lys i s ,  and phenol ana lys i s .  
These methods included gas chromatographic determination of i s o -  

Compatibi l i ty  t e s t  r e s u l t s  between Mix-hP3E and copper ind ica t e  no adverse 
e f f e c t  on e i t h e r  copper or Mix-kP3E i n  a non i r r ad ia t ion ,  high-temperature environ- 
ment e 

A sample of Mix-4P3E w a s  analyzed a f t e r  a 1000-hour t e s t  of the L/C PMA. The 
v i s c o s i t y  o f  t h e  f l u i d ,  measured a t  75'F, decreased con t inua l ly  during t h e  1000- 
hour t e s t  period. The t o t a l  decrease was approximately 10%. 
increased  s l i g h t l y ,  approximately one-half of one percent ,  between t h e  500-hour 
mark and t h e  end of t h e  1000-hour test per iod .  

The v o l a t i l e  content 

A s  a r e s u l t  of a meeting held w i t h  r ep resen ta t ives  of NASA, it w a s  decided 

Ten d i f f e r e n t  f l u i d s  were se l ec t ed  from a survey of t h e  
t o  s e l e c t  optimum candidate SNAP-8 lubr icant -coolan t  f l u i d s  f o r  comparative evalu- 
a t i o n  a g a i n s t  Mix-4P3E. 
l i t e r a t u r e  and a canvass of i n d u s t r i a l  sources throughout t h e  country. A l l  a v a i l -  
a b l e  p r o p e r t i e s  of t h e  f l u i d s  were tabula ted  f o r  f u r t h e r  ana lys i s .  

x i  
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Transformer-Reactor Assembly Heat-Sink Trans i t i on  J o i n t  

A j o i n t  w a s  e s t ab l i shed  f o r  connecting t h e  pure aluminum hea t  s ink  of t h e  
t ransformer-reactor  assembly t o  t h e  304 SS p ip ing  of t h e  lubr icant -coolan t  loop. 
This j o i n t  u t i l i z e s  an aluminum-to-copper Koldweld j o i n t ,  p lus  a s h o r t  s tub  of 
pure n i c k e l  TIG-welded t o  t h e  copper. The o the r  end of t h e  n i c k e l  i s  TIG-welded 
t o  t h e  304 SS L/C loop pipe.  Since t h e  l i t e r a t u r e  ind ica t e s  t h a t  copper and Mix- 
4P3E are not  compatible i n  a nuclear  environment, it w a s  concluded t h a t  a pro tec-  
t i v e  me ta l l i c  coa t ing  w a s  requi red  over t he  copper t o  keep it from contac t ing  t h e  
Mix-4P3E. Specimen j o i n t s  were coated with t h r e e  candidate  me ta l l i c  coat ings : 
E l e c t r o l i z e d  chromium, e l e c t r o l e s s  n icke l ,  and s i l v e r  over e l e c t r o l e s s  n icke l .  
The coated specimens were exposed t o  Mix-4P3E i n  evacuated g l a s s  capsules  a t  250°F. 
They were removed a f t e r  1000 hours of exposure f o r  eva lua t ion .  

Evaluation was continued of an aluminum-to-copper Koldweld (pressure  weld) 
j o i n t  t o  determine t h e  e f f e c t s  of long-term exposure a t  350°F. 
amined after 1500 hours exposure. A s l i g h t  d i f f u s i o n  zone (0.00008 i n . )  i n t o  t h e  
copper s i d e  of t h e  j o i n t  i n t e r f a c e  w a s  found. No d i f f u s i o n  was de tec ted  i n t o  t h e  
aluminum a l loy  s i d e .  
i n  f a i l u r e  of t h e  exposed specimen a t  t h e  aluminum/copper i n t e r f a c e  and i n  alumi- 
num sec t ion  of t h e  unexposed specimen. The u l t ima te  t e n s i l e  s t r eng th  of both 
specimens was approximately t h e  same: The e longat ion  and reduct ion  
of a rea  measured on t h e  aged t e n s i l e  specimen w a s  approximately 10% and 20%, re- 
spec t ive ly ,  of t h e  values measured on t h e  unexposed specimen. Thermal exposure 
of a d d i t i o n a l  specimens w a s  continued toward a maximum accumulated time of 3000 
hours.  

Specimens were ex- 

Tens i le  t e s t s  of exposed and unexposed specimens r e s u l t e d  

36,000 p s i .  

A coextruded tubu la r  t r a n s i t i o n  j o i n t  specimen of aluminum bonded d i r e c t l y  
t o  304 SS, received from Nuclear Metals, Inc . ,  Concord, Massachusetts, w a s  exposed 
a t  275OF f o r  350 hours. Metallographic comparison of as-received and exposed m a -  
t e r i a l  ind ica tes  t h a t  no s i g n i f i c a n t  d i f f u s i o n  r e s u l t e d  from t h e  high-temperature 
exposure e 

B i m e t a l  Tube Evaluat ion 

F l a t  sheet r e f r a c t o r y  b i m e t a l  tube material specimens were exposed t o  1350 
and 1450°F i n  a vacuum f o r  500, 1000, and 2500 hours t o  eva lua te  c ros s  bond d i f f u -  
s ion  e f f e c t s .  A metallographic and hardness survey w a s  completed. The specimens 
containing the  d i r e c t  combination of t h e  r e f r a c t o r y  l i n e r  and t h e  316 SS cladding 
showed less  d i f fus ion  e f f e c t s  than  any of t h e  mult imetal  i n t e r f a c e  systems. 
lum, columbium, and columbium/l-zirconium r e f r a c t o r i e s  exh ib i t ed  very t h i n  d i f f u -  
s ion  l a y e r s  a t  t h e  i n t e r f a c e  with 316 SS, and showed no apprec iab le  growth of t h e  
l a y e r  with increased temperature o r  time. 

Tanta- 

Material specimens were prepared f o r  con t inua t ion  of a s tudy t o  develop a 
weld and back-brazing procedure f o r  completing tube-to-header j o i n t s  of b i m e t a l l i c  
( r e f r a c t o r y  and 316 SS) j o i n t  elements.  
Company us ing  the Horton c lad  process ,  cons i s t ed  of a th ree - l aye r  system (colum- 
bium/iron/316 SS) with braze a l l o y  a t  t h e  two i n t e r f a c e s .  The tube cons is ted  of 
a columbium l i n e r  and 316 SS cladding.  

The tube  shee t ,  produced by Pyromet 

x i i  
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A mercury r e f lux ing  capsule t es t  was completed using b i m e t a l  tube capsules  
t o  eva lua te  tube b u t t  weld jo in ing  procedures. The welds were contained both i n  
t h e  lower po r t ion  of t h e  capsule (exposed t o  l i q u i d  mercury) and i n  t h e  upper por- 
t i o n  of t h e  capsule (exposed t o  condensicg mercury vapor).  Both weids of a "con- 
t r o l "  9Cr-lMo s t e e l  unclad capsule showed no evidence of mercury corrosion.  
two capsules  f ab r i ca t ed  from gCr-L?o steel/316 SS b ime ta l l i c  tube which were run, 
t h e  welds exposed t o  l i q u i d  mercury showed no mercury corrosion. 
curred i n  t h e  weld exposed t o  t h e  condensing mercury vapor i n  one o f  t hese  
capsules .  
t h i s  l o c a t i o n  during f a b r i c a t i o n ,  
were produced by con t ro l l ed  p a r t i a l  pene t ra t ion  using an e l e c t r o n  beam welding 
source.  The i n t e n t i o n a l  non-penetration i n t o  t h e  columbium l i n e r  produced a gap 
a t  t h e  unjoined columbium l i n e r  i n t e r f ace .  
exposed 316 SS weld had not occurred. 

I n  

Corrosion oc- 

Through-wall pene t ra t ion  by t h e  316 SS weld metal had occurred a t  
The welds i n  a columbium/316 SS bimetal  tube 

I n  s p i t e  of t h i s  gap, corrosion of t h e  

9Cr-lMo S t e e l  Strength Evaluat ion 

Creep rupture  t es t s  were conducted on welded and unwelded 9Cr-lMo s t e e l  spec i -  
mens t o  eva lua te  t h e  gross  creep rupture s t r e n g t h  e f f i c i ency  of 9Cr-li!i!o s t e e l  welds. 
The tests were run  a t  1325'F a t  two s t r e s s  l e v e l s  - 1600 and 2300 p s i .  The tes t  
r e s u l t s  i nd ica t e  t h a t  welding does not  decrease t h e  creep or creep rupture  s t r eng th  
of 9Cr-lMo s t e e l  a t  1325'F. 

Weld t r a n s i t i o n  j o i n t s  between 9Cr-No s t e e l  and 316 SS, us ing  3 l O  SS weld 
w i r e ,  were t e s t e d  a t  1300°F t o  g ross ly  eva lua te  t h e  s t r eng th  of  t h e  j o i n t .  
t e s t  exposure cons is ted  of a simulated system s t a r t u p  t e s t  (25 short-per iod temp- 
erature cyc les  between ambient and 1300°F) and a simulated system se rv ice  l i f e  tes t  
(continuous exposure a t  1 3 0 0 ' ~  with a s t r e s s  cycle  every 
were t e s t e d :  one i n  t h e  as-welded aondi t ion and t h e  o ther  containing a weld which 
had been roll planished t o  r e f i n e  and increase t h e  s t r eng th  of t h e  weld s t r u c t u r e .  
Both specimens success fu l ly  completed the simulated system s t a r t u p  tes ts .  The 
s imulated system l i f e  tes t  was terminated after 2227 hours because of excessive 
bulging i n  t h e  gCr-lMo s t ee l  s e c t i o n  of t h e  weld planished specimen. 
welded specimen gave no ind ica t ion  of  y ie ld ing .  
hazard of failure by creep i n  a weldment between 9Cr-LMo s t e e l  and 316 SS using 
310 f i l l e r  metal. 
specimen appeared t o  have r e s u l t e d  from ove r s t r e s s ing  of t h e  material caused by ex- 
ces s ive  w a l l  t h inn ing  produced durizlg the p lan ish ing  operat ion.  

The 

8 s e e ) .  Two specimens 

The as- 
It i s  concluded t h a t  t h e r e  i s  no 

The bulging of t h e  9Cr-lMo s t ee l  sec t iog  i n  t h e  weld placished 

A t r i a l  run w a s  completed t o  evaluate  both t h e  equipment and a t e s t i n g  pro- 
cedure f o r  producing decarbur iza t ion  and g r a i n  growth i n  t h e  surface of 9Cr-lMo 
s t e e l  exposed t o  NaK i n  a c y c l i c  creep tes t .  
adequate.  F i n a l  prepara t ions  were made f o r  i n i t i a t i o n  o f  t h e  t e s t  on 9Cr-l.Mo 
s t ee l  specimens t o  g ross ly  eva lua te  the e f f e c t  of  c y c l i c  creep condi t ions  i n  a NaK 
environment on t h e  creep s t r eng th  o f  t h e  material. 

The procedure and equipment proved 

Corrosion Loop Program 

The assembly and i n s t a l l a t i o n  
The des ign  and opera t ing  parameters 
were completed, and t h e  order ing  o f  

of CL-4 w a s  completed during t h e  r e p o r t  per iod.  
of a hydrogen i n j e c t o r  system for use i n  CL-4 
mater ia ls  and components f o r  system f a b r i c a t i o n  

x i i i  
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w a s  s t a r t e d .  
was completed. This separa tor ,  f ab r i ca t ed  from 9Cr-LVo s teel ,  u t i l i z e s  columbium 
and i r o n  wool as the  separa tor  medium. Checkout of t h e  ins t rumenta t ios  and e l e c -  
t r i c a l  hookup was s t a r t e d .  

The f a b r i c a t i o n  of t h e  l i q u i d  corrosion product separa tor  f o r  CL-4 

A f t e r  a t o t a l  mercury b o i l i n g  time f o r  CS-3 of 4400 hours,  t e s t  opera t ions  

The mercury b o i l e r  i n  t h i s  loop requi red  a run-in per iod t o  a t -  
The primary and condensing NaK systems of CL-3 operated 

were discontinued and prepara t ions  were made f o r  eva lua t ion  of t h e  loop ma te r i a l s  
and components. 
t a i n  r a t e d  performance, 
s a t i s f a c t o r i l y  u n t i l  the  time of f i n a l  loop shutdown on 23 December. 
po in t ,  a l e a k  developed i n  t h e  v i c i n i t y  of t h e  NaK hea te r .  
with r e s p e c t  t o  oxide c o n t r o l  o f  t he  primary loop ind ica t e s  t h a t  t h e  oxide l e v e l  
w a s  maintained a t  38 ppm o r  l e s s  during operat ion.  Cold t rapping  was performed 
seve ra l  t imes using t h e  NaK p u r i f i c a t i o n  system, t o  reduce t h e  oxide l e v e l  from 
t h e  peak o f  38 pprn t o  18 ppm. 
h i s t o r y  of CL-3 f o r  var ious reasons,  including maintenance, power fa i lures ,  agd 
a u x i l i a r y  equipment fa i lures  such as instrumentat ion leaks .  A l l  restarts produced 
immediate superheating of t h e  mercury vapor, 

A t  t h i s  
The opera t ing  h i s t o r y  

Severa l  loop shutdowns occurred during t h e  o p e r a t i r g  

Component t e s t  loop 2 (CTL-2) w a s  operated t o  conduct mercury vapor pha.se 
corrosion product separa tor  t es t s .  An impingement-type separa tor  was t e s t e d .  
During t h e  t e s t  run, t h e  b o i l e r  o u t l e t  p ressure  ( t h e  c r i t e r i a .  f o r  f i i t e r  evaiua- 
t i o n )  increased from 250 p s i g  t o  300 p s i g  i n  10 hours due t o  corrosion product 
buildup on the ad jus t ab le  choke nozzle downstream of t h e  f i l t e r .  During t h e  p r e -  
l iminary base run,  t h e  same increase  i n  b o i l e r  o u t l e t  p ressure  occurred i n  16,7 
hours,  i nd ica t ing  t h a t  t h e  impingement sepa ra to r  was not  e f f e c t i v e .  

x i v  
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I. INTRODUCTION 

The objec t ives  o f  t h e  SNAP-8  Mater ia ls  Program a r e  t o  provide d a t a  t o  serve  
as a basis f o r  t h e  s e l e c t i o n  of mater ia l s  for use i n  var ious components; t o  assist ,  
t.hrough me ta l lu rg ica l  s tud ie s ,  i n  t h e  design, development, f a b r i c a t i o n ,  and tes t -  
ing  of t h e  SNAP-8  system; and t o  evaluate  t h e  r e s i s t a n c e  of  t h e  reference material 
( i o e e ,  9Cr-1Mo a l l o y  s t e e l )  t o  mercury corrosion.  
formed during t h e  second 6 months o f  the 1964 calendar year .  

This r e p o r t  covers t he  work per -  

11. F B R I C A T I O N  SUPPORT 

A. B O I I E R  

Boi le rs  A - 3  and A - 4  were degreased p r i o r  t o  s t r e s s  r e l i e v i n g  t o  remove 
any i n t e r n a l  o i l  o r  p a r t i c u l a t e  surface contamination. A procedure s l i g h t l y  modi- 
f i e d  from t h a t  used f o r  b o i l e r  A - 2  (Reference 1) w a s  used. 
t i o n s  were as fol lows:  

The procedure modifica- 

1. With t h e  b o i l e r  i n  the v e r t i c a l  p o s i t i o n  and the mercury i n l e t  
a t  t h e  top ,  the tubes were indiv idua l ly  power f lushed by condensed, ho t  t r i c h l o r o -  
e thylene  ( T C E )  

2. The tubes were then  f i l l e d  with TCE and g rav i ty  f lushed.  

3. The tubes  were d r i ed  by room temperature n i t rogen  purge. 

4. The b o i l e r  w a s  inver ted so  t h a t  t h e  mercury o u t l e t  end w a s  on 
t h e  top ,  and s t eps  1 through 3 were repeated. 

5. The b o i l e r  w a s  inver ted once more t o  t h e  o r i g i n a l  p o s i t i o n  and 
only s t e p s  1 and 3 were repeated.  Each tube  w a s  capped t o  prevent  inadver ten t  re- 
contaminat ion.  

B. CONDENSER 

During t h e  r e p o r t  per iod ,  d i f f i c u l t y  was experienced i n  developmen% of  
a s a t i s f a c t o r y  r o l l i n g  procedure f o r  the 0.25-in.-dia end of t h e  condenser tube-  
to - tube  sheet j o i n t .  A p o t e n t i a l  f ab r i ca t ion  procedure which e l imina tes  t h i s  opera-, 
t i o n  i s  t o  r o l l  and weld t h e  0.5-in.-dia tube end ( a  s a t i s f a c t o r y  r o l l i n g  technique 
has  been e s t ab l i shed  f o r  t h i s  j o i n t )  and weld and back-braze t h e  0.25-in.-dia  tube 
end. To determine t h e  e f f e c t  of t h e  brazing opera t ion  on t h e  O.?-in.-dia tube 
r o l l e d  and welded j o i n t ,  a seven-tube q u a l i f i c a t i o n  sample was f ab r i ca t ed  and 
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evaluated.  Sections were taken from t h e  sample after welding, af ter  s t r e s s - r e -  
l i ev ing ,  and a f t e r  exposure t o  a simulated 1800°F pre-braze c leaning  cycle  and 
1950°F brazing cycle i n  a hydrogen atmosphere. The j o i n t  conf igura t ioc  w a s  un- 
changed by the  thermal  t rea tments ,  i nd ica t ing  t h a t  t h e  proposed a l t e r n a t e  proce- 
dure i s  feasible. Addit ional  development work i s  requi red ,  however, t o  optimize 
t h e  backbrazing opera t ion  s ince  t h e  r e s u l t s  of backbrazing f u l l - s i z e d  SNAP-8 con- 
densers has  not been e n t i r e l y  s a t i s f a c t o r y .  

I C .  TURBINE ASSEMBLY 

A sur face  oxide coat ing on TA seals w a s  s e l ec t ed  t o  increase t h e  re- 
s i s t ance  t o  ga l l i ng  of S t e l l i t e  6B.seals i n  t h e  event  they  should contact  t h e  
tu rb ine  r o t o r  hubs during TA operat ion.  Previous experience by t h e  S t e l l i t e  Divi-  
s ion  of Union Carbide and t h e  estimated d i f f e rence  i n  sur face  energy of  a metal 
and i t s  oxide ind ica ted  t h a t  a sur face  with an opaque t i g h t l y  adherent oxide coat-  
i ng  rubbing aga ins t  a nonoxide sur face  w a s  desirable f o r  minimum g a l l i n g .  

Samples of  t h e  a l l o y  were processed t o  e s t a b l i s h  a procedure f o r  pro- 
ducing t h e  desired oxide coat ing.  The samples were heated i n  an air  atmosphere, 
held a t  various temperatures f o r  1 hour, and then  a i r  cooled. The fol lowing re- 
s u l t s  were observed : 

Surface Oxidation of S t e l l i t e  6 B  A f t e r  1 H r  a t  TemDerature i n  A i r  

Metal Surface Color a t  Room 
Temperature After Exposure Exposure Temperature (OF) 

1200 
1400 
1500 
1600 

Translucent  blue 
Translucent  green - b l u e  
Semi-t ranslucent  brown-green 
Opaque black-brown 

0 All of t h e  oxide coat ings were tenacious;  however, a minimum temperature of 1600 F 
w a s  requi red  t o  produce t h e  desired opaque coa t ing .  

A TA l abyr in th  seal  w a s  oxidized a t  1 6 0 0 ' ~  and cooled t o  700°F i n  t h e  
Inspec t ion  before  and af ter  t h e  exposure i n d i -  f i rnace  ( w i t h  furnace power o f f ) ,  

cated t h e r e  was no adverse e f f e c t  on dimensional t o l e rances .  

D.  ELFCTRICAL COMPONENTS 

1. Speed Control  

Seven production prototype ceramic t e rmina l  leaders t o  be used 
on t h e  SNAP-8 speed c o n t r o l  were evaluated t o  determine t h e  q u a l i t y  of t h e  Kold- 
weld bond between e l e c t r o l y t i c  tough p i t c h  copper and 6061 aluminum a l l o y .  
Koldweld process i s  a p ropr i e t a ry  pressure-welding procedure of Kelsey-Hayes. It 
w a s  concluded t h a t  t h e  bond w a s  me ta l lu rg ica l ly  sound, uniform, and reproducib le .  
It w a s  a l s o  concluded t h a t  t h e  bond can be inspec ted  and evaluated by helium l e a k  
t e s t i n g  and by employing pulse-echo u l t rasound,  
ence 2 )  w a s  published t o  document t h e  f ind ings .  

The 

A t e c h n i c a l  memorandum (Refer- 

2 
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A mockup sec t ion  of the -1 speed con t ro l  module w a s  prepared t o  
evaluate  weld assembly sequence and weld hea t  s ink  too l ing .  The lower l e v e l  s ec t ion  
of t he  assembly was successfu l ly  welded. Proper temperature cont ro l  was maintained 
during welding. 
a i d  (Figure 1). 

The p a r t i a l l y  completed u n i t  was photographed as an  assembly 

2. Transformer-Reactor Assembly (TRA) 

A welding procedure was developed and samples were prepared of 
j o i n t s  between copper bra id  and copper b a r .  
harness design. These samples were sectioned and it w a s  determined t h a t  t h e  pro- 
cedure used provided s a t i s f a c t o r y  weld penet ra t ion  as shown i n  Figures 2 and 3. 

These j o i n t s  are used i n  t h e  TRA 

A welding procedure was developed f o r  j o in ing  o f  r e c t i f i e r  termi- 
na l s  (diodes)  of t h e  TRA. 
48% Fe) and oxygen-free copper. Metallographic samples (Figure 4) ind ica ted  satis- 
f ac to ry  j o i n t s .  
occurs.  To f a c i l i t a t e  assembly of t h e  diodes,  a dummy sec t ion  of t h e  -1 speed con- 
t r o l  module w a s  prepared. Using t h i s  dummy, an assembly sequence and weld f i x t u r e  
for t he  module w a s  developed. 
determine t h e  temperatures reached at sens i t i ve  por t ions  of t h e  diodes during weld- 
ing.  
t u r e s  below 300°F ( t h e  permissible  maximum). 

The two te rmina l  mater ia l s  joined a r e  a l l o y  52 (52% N i ,  

They a re  pr imar i ly  TIC-brazed; however, a small amount of fus ion  

Thermocouples were a t tached  t o  seve ra l  diodes t o  

The hea t  s inks  of t h e  weld f i x t u r e  s a t i s f a c t o r i l y  maintained diode tempera- 

E. BELLOWS 

Bellows assemblies a r e  being f ab r i ca t ed  by t h e  Palmer Company. They 

A f i n a l  c losure weld of 9Cr-lMo 
w i l l  operate  a t  7OO0F with an i n t e r n a l  pressure  of 20 p s i .  
weldments of AISI 4340 s t e e l  and 9Cr-lM0 s t e e l .  
t o  i t s e l f  i s  required.  
lMo weldments i s  1350 +25"F; however, the AC1 temperature f o r  AISI 4340 may be  
1300°F o r  s l i g h t l y  lower, depending on chemistry v a r i a t i o n s  and f a b r i c a t i o n  h i s t o r y .  
If t h e  temperature of AISI 4340 components during stress r e l i e f  exceeds t h e  AC1 
temperature,  mar tens i te  t ransformation occurs during cooling. The impact s t r eng th  
and d u c t i l i t y  of t h e  4340 would be reduced and coiild lead  t o  se rv i ce  f a i l u r e s .  A l -  
though an e x t r a  s t r e s s  r e l i e f  a t  a lower temperature w i l l  temper t h e  mar tens i te  and 
r e s t o r e  s a t i s f a c t o r y  ma te r i a l  p roper t ies ,  it appeared t h a t  t h e  s t r e s s  r e l i e f  of t h e  
f i n a l  weldment on t h e  bellows should be performed a t  1225 +25'F - not 1350 +25'F. 
The use of t h i s  temperature avoids possible  martensi te  formation i n  t h e  AISr 4340 
and t h e  necess i ty  of a double s t r e s s  r e l i e f .  

This component contains  

The standard SIUP-~ s t r e s s  r e l i e v i n g  temperature f o r  9Cr- 

To determine t h e  e f f e c t  of t h e  l225'F s t r e s s - r e l i e v i n g  temperature on 
t h e  9Cr-lMo and on t h e  AISI 4340, a s e r i e s  of s t r e s s - r e l i e v i n g  t reatments  w a s  per-  
formed on welded 9Cr-lMo tube (1 i n .  OD by 0.109 in .  w a l l )  and welded AISI 4340 
p l a t e ,  3/4-in. th ick .  Table 1 presents  t h e  s t r e s s - r e l i e v i n g  condi t ions and t h e  
r e s u l t s  of t h e  tests.  On t h e  hea t  of AISI 4340 inves t iga ted ,  weld metal sof ten ing  
continued through 1350°F and hardening occurred a t  1400°F. The one-point increase  
i n  hardness  as measured on t h e  1275'F specimens, i s  considered t o  be wi th in  exper i -  
mental  e r r o r  and not  i nd ica t ive  of hardness. 
paren t  metal occurred when t h e  1400°F s t r e s s  - r e l i ev ing  temperature w a s  employed. 

Def in i te  hardening of t h e  AISI 4340 

3 
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It was concluded t h a t  a l225'F stress rel ief  of t h e  9Cr-lMo s tee l  

But it i s  not judged t o  be de t r imenta l  i n  
would not  be detr imental .  There i s  a hardness increase  over t h a t  r e s u l t i n g  from 
t h e  s tandard 1350°F stress r e l i e f .  
view of t h e  s a t i s f a c t o r y  d u c t i l i t y  apparent from t h e  f l a t t e n i n g  t e s t .  

F. STFiESS-RELIEVING OF gCr-L?o STEEL COMPONENTS 

1. Furnace S t r e s s  Rel ieving 

An argon drying t r a i n  w a s  designed and fabricated t o  provide a 
s a t i s f a c t o r i l y  pure argon atmosphere f o r  s t r e s s - r e l i e v i n g  SNAP-8 components f a b r i -  
cated a t  VKC from 9Cr-lMo s tee l .  The u n i t  c o n s i s t s  of a molecular s i eve  dryer  
followed by a ho t  (lOOO°F) 5:-50 t i tanium-zirconium a l l o y  chip g e t t e r .  
argon with a dewpoint of -55 F i s  passed through t h e  dryer  and t h e  ho t  g e t t e r  a t  a 
ra te  of 60 cu f t / h r  and i n t o  a 54 cu f t  capac i ty  weld sealed r e t o r t .  
of t h e  r e t o r t ,  t h e  dewpoint of t h e  e x i t i n g  argon is  -86OF. 
suspended i n  the r e t o r t ,  heated t o  1350°F, he ld  f o r  1 hour a t  temperature,  and 
cooled i n  t h e  argon atmosphere t o  t e s t  t h e  adequacy of the system. They were visu-  
a l l y  unchanged i n  sur face  appearance a f t e r  t h e  t rea tment .  

Manifold 

A f t e r  purging 
9Cr-lMo samples were 

2. Local S t r e s s  Rel ieving of Weld J o i n t s  

The gCr-lMo Conoseal f lange  welded j o i n t s  of t h e  A-3 b o i l e r  and 
A - 1  and A-2 mercury PI" were l o c a l l y  s t r e s s - r e l i e v e d  i n  accordance w i t h  Reference 
3 us ing  induction heat ing.  
a l l y  i n  t h e  pas t ,  valve and l i n e  r e s t r i c t i o n s  i n  t h e  incoming water coolant  l i n e s  
were removed. 

To avoid inductor  overheat ing,  which occurred occasion- 

Induct ion hea t ing  was a l s o  employed t o  s t r e s s - r e l i e v e  welded 
j o i n t s  of 9Cr-lMo t o  316 n ipples  on two Chempump mercury i n l e t  and o u t l e t  l i n e s .  
The pump bodies w e r e  maintained below 150°F dur ing  t h e  1350°F s t r e s s - r e l i e v i n g  
opera t ion  by flowing water through copper tub ing  wrapped around t h e  base of the 
i n l e t  and o u t l e t  mercury l i n e s .  

The experience of performing t h e  s t r e s s - r e l i e v i n g  procedure des-, 
cr ibed i n  Reference 3 on these  a d d i t i o n a l  components led t o  r e v i s i o n  of t h e  spec i -  
f i c a t i o n .  
by capacitance discharge welding r a t h e r  than  to t h e  inner  diameter of t h e  weld 
j o i n t  f o r  g rea t e r  accuracy i n  temperature measurement. 
cool ing of Conoseal f langes  through use of an  i n t e r n a l  cool ing c o i l  was added f o r  
use i n  t h e  event t h a t  for some conf igura t ions  t h e  500°F maximum allowable tempera- 
t u r e  could not be  maintained. 

The thermocouples are a t tached  on t h e  ou te r  diameter of t h e  weld j o i n t  

Provis ion  for a d d i t i o n a l  

An e l e c t r i c a l  r e s i s t a n c e  c lamshel l  h e a t e r  w a s  employed t o  l o -  
c a l l y  s t r e s s - r e l i e v e  a welded 9Cr-LIo t o  316 j o i n t  a t  1350°F f o r  1 hour on t h e  
mercury i n l e t  l i n e  of  RPL-2. 
ing hea t ing  and cooling. 

Argon w a s  flowed through t h e  b o i l e r  i n l e t  l i n e  dur-  



Report No. 2989 

G. SPECIFICATIONS 

The following s p e c i f i c a t i o n s  were issued o r  modified during t h e  repor t  
per iod  : 

AGC-10227B - "Welding, Fusion, s ~ P - 8  Materials I '  

AGC-10227/1 - "Welding, Fusion, (9Cr-1Mo) S t a i n l e s s  S t e e l "  
AGC-10227/2 - "Welding, Fusion, 316 S t a i n l e s s  S t e e l "  
AGC-10227/3 - "Welding , Fusion, 410 S t a i n l e s s  S t e e l "  
AGC-10227/4 - "Welding, Fusion, (9Cr-LMo ) S t a i n l e s s  S t e e l  

t o  316 S ta in l e s s  S t e e l "  
AGC-10227/5 - "Welding, Fusion, Haynes S t e l l i t e  6B" 
A G C - l W 2 8 A  - "Tihe  t.0 Dihe Sheet, Welds , Inspect ion of ' '  
AGC-10319 (Amendment No. 1) - "Cleaning SNAP-8 Components and 

Systems , Procedure f o r "  
AGC-10319/2 - "Degreasing of  Non-Precision s ~ A p - 8  Components 

and Systems, Procedure for" 
AGC-10319/5 - "Cleaning of  sn~lp-8 Thrust Bearing Assembly 

Components (P/N 122 C16)" 
AGC-10331 - " E l e c t r i c a l  Connections, Inert-Arc Welding o f  , 
AGC-10354 - "Development Mater ia l  Spec i f i ca t ion ,  S t e e l ,  

Procedure for ' '  

Bearing, AIS1 M50, Requirements f o r "  

111. SYSTEM TEST SUPPORT 

A. BOILER CONDITIONING STUDIES 

The ob jec t ive  o f  t h i s  t a s k  i s  twofold: (1) t o  eva lua te  the  e f f e c t  o f  
var ious  tube  sur face  condi t ions on t h e  capacity of  -the SNAP-8 b o i l e r  t o  produce 
superheated mercury vapor on system s t a r tup ,  and ( 2 )  t o  e s t a b l i s h  procedures for 
removing any sur face  res idue  found t o  be de t r imenta l  t o  b o i l e r  conditioning. 

1. Preassembly Cleaning of Loop Components 

Mercury capsule experiments a t  LeRC i n d i c a t e  t h a t  o i l  f i l m s  as 
t h i n  as 6 angstroms (approximately 2 x 
i n t o  t h e  flowing mercury i n  t h e  s ~ P - 8  bo i l e r .  
PCS-1 components were cleaned t o  remove any o i l  res idue.  The e s t ab l i shed  cleaning 
procedure u t i l i z e s  two a l k a l i n e  cleaning so lu t ions .  The f i r s t  i s  Mx-12, an a l k a l i n e  
r u s t  remover manufactured by Cee Bee Chemical Co. , Downey, Calif., which contains  
approximately 70% sodium hydroxide. 
and as a n  exce l l en t  o i l  remover. The sequester ing and wet t ing agents  i n  t h e  
s o l u t i o n  g ive  it low surface tens ion  and f a c i l i t a t e  in t imate  contac t  of  a l l  t h e  
metal  su r f aces .  The second s o l u t i o n  i s  Alconox, a n  a l k a l i n e  detergent  produced 
by Alconox, Inc . ,  New York, N.Y.  
and a g r e a t  a f f i n i t y  f o r  o i l  res idue.  The procedures u t i l i z e d  a r e  descr ibed i n  
Appendix B of  Reference 4. 
(such as va lves  and bel lows)  which can f L t  i n t o  ava i l ab le  u l t r a s o n i c  equipment. 

i n . )  may prevent proper  hea t  t r a n s f e r  
A s  a consequence, a l l  SNAP-8 

This so lu t ion  a c t s  both as  a r u s t  remover 

This detergent has a very low sur face  tens ion ,  

One i s  an u l t r a son ic  technique f o r  smal le r  components 
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A second procedure u t i l i z e s  a c i r c u l a t i n g  f lush  and i s  appl icable  t o  l i n e s ,  
b o i l e r ,  condenser, and tu rb ine  s imulator .  
not cleaned i n  t h i s  fashion,  bu t  c leanl iness  i s  maintained through u l t r a s o n i c  
c leaning i n  Freon o f  i nd iv idua l  p a r t s  during assenbly.  

The PCS turb ine  and mercury €'MA a r e  

2. Capsule Tests 

Severa l  chemical so lu t ions  were evaluated as agents  f o r  removing 
varnish residue r e s u l t i n g  from hea t ing  SF-97 s i l i c o n e  o i l  i n  an evacuated and 
sealed g l a s s  capsule ( t h e  contaminating o i l  of  RPL-2) f o r  5 hours a t  l150°F. A f t e r  
approximately 1 hour of  immersion a t  near i t s  bo i l ing  po in t ,  an MX-12 so lu t ion  con- 
t a i n i n g  sequester ing and wet t ing agents  removed t h e  res idue  e 
was equivalent  t o  Type I so lu t ion  i n  accordance with MIL-C-14460, but r e l a t e d  solu-  
t i o n s  such as Cee Bee Chemical Company's MX-12 a l k a l i n e  r u s t  remover i s  adequate.)  
A so lu t ion  of Oakite 90 a l k a l i n e  so lu t ion  (8  oz/gal)  removed approximately ha l f  of 
t h e  res idue  a f t e r  2 t o  2-1/2 hours of exposure ( a t  near t h e  bo i l ing  p o i n t ) .  Other 
so lu t ions  t h a t  were t r i e d  but  were unsuccessful  were Turco ' s  "Jet isoi l -NP,"  O L I N  
a l coho l i c  potassium hydroxide, and Freon-PCA. Although t h e  Freon d id  not  appear 
t o  remove t h e  baked-on res idue ,  it d id  appear t h a t  adhesion of t h e  res idue  on t h e  
capsule w a l l  was reduced. 

(The so lu t ion  used 

Freon-PCA w a s  evaluated as an agent f o r  removal of unreacted s i l i -  
cone o i l  SF-97 from 9Cr-lMo s t e e l  sur faces .  A pol ished metal specimen w a s  coated 
with t h e  s i l i cone  o i l .  The sur face  w a s  then  scanned by in f r a red  spectrophotometer 
and t h e  resul ts  au tomat ica l ly  p lo t t ed .  Approximately 10 t o  15 m l  of  Freon PCA w a s  
then put  onto the  specimen dropwise from an eyedropper. A scan of t h e  sur face  
after t h e  wash revealed no s i l i c o n e  o i l  I R  p a t t e r n .  This method can i d e n t i f y  a 
minimum f i l m  th ickness  i n  t h e  range from 1 t o  10 microns (approximately 4 t o  40 
x 10-5 i n . ) ,  much t h i c k e r  than  tha t .  deemed de t r imenta l  as a r e s u l t  o f  capsule  
t e s t s  a t  LeRC. 

3. Loop Tes ts  

A series of  t e s t  runs was made with CTL-2 ( f ab r i ca t ed  from 
Haynes 25) a t  AGN t o  determine i f  s i l i c o n e  o i l  could a f f e c t  t h e  performance of  a 
mercury b o i l e r  and i f  t h e  o i l  could be removed adequately with chemical c leaners .  
This program was conducted af ter  t h e  mercury vapor cor ros ion  product separa tor  
t es t s  described i n  Sec t ion  V I I 1 , C .  The CTL-2 b o i l e r  c o n s i s t s  o f  a s t a t i c  t ank  of 
NaK with t h e  mercury c o i l  and t h e  f i v e  10-kw e l e c t r i c a l  Calrod-type h e a t e r s  i m -  
mersed i n  t h e  NaK as shown i n  Figure 5. Since t h e  NaK c o n t r o l  thermocouple i s  l o -  
cated i n  t h e  middle of  t h e  N a K  t ank  and mixing of  t h e  N a K  depends on n a t u r a l  c i r cu -  
l a t i o n ,  it w a s  estimated t h a t  t h e  NaK temperature a t  t h e  t o p  of  t h e  t ank  ( o u t l e t  
of t h e  mercury b o i l e r  c o i l )  w a s  50°F h igher  t han  ind ica ted  by t h e  c o n t r o l  thermo- 
couple. 

A d e t a i l e d  d e s c r i p t i o n  of t h e  t e s t s  appears  i n  Sec t ion  V111,2,2 
of Reference 4. A summary of t h e  r e s u l t s  i s  given i n  Table 2. The b o i l e r  per -  
formance w a s  judged by t h e  b o i l e r  o u t l e t  temperature  and pressure ,  t h e  pressure  
drop across  the  b o i l e r  c o i l ,  and t h e  power inpu t  t o  t h e  b o i l e r .  
Table 2, t h e  pressure drop across  t h e  b o i l e r  w a s  30 p s i  or g r e a t e r  when t h e  b o i l e r  
was conditioned. 

A s  noted i n  

The hea t  requi red  t o  b o i l  1050 l b /h r  of  mercury a t  a s a t u r a t i o n  

b 
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270 p s i a  i s  approximately 45 kw. I n  t h e  runs when 
(B, C ,  D, and G i n  Table 21, t h e  hea t  t h a t  could be 

put  i n t o  t h e  b o i l e r  without exceeding t h e  NaK temperature l i m i t  (136OOF) w a s  less  
than  ha l f  t he  amount requi red  t o  achieve loo$ qua l i ty .  

The following conclusions were drawn from t h i s  s e r i e s  of t e s t  
runs performed with CTL-2: 

a. The add i t ion  of small amounts of s i l i c o n e  o i l  t o  t he  b o i l e r  
using Freon as a so lvent  causes the  CTL-2 b o i l e r  t o  degrade i n  performance or t o  
become deconditioned. 

b. C l e m i ~ g  the CTL-2 h n i  l e r  with a l k a l i n e  c l eane r s ,  -MX-12 
and Alconox, d id  not  immediately r e s to re  t h e  b o i l e r  performance. Some opera t ion  
time was necessary before t h e  b o i l e r  performance w a s  r e s to red  and t h e  b o i l e r  w a s  
conditioned. 

e. Decrease of the plpessure i n  t h e  b o i l e r  c o i l  from 500 m i -  
crons t o  5 microns during t h e  pre-run outgassing per iod d i d  not  a f f e c t  b o i l e r  
performance i f  t h e  b o i l e r  w a s  f u l l y  conditioned or deconditioned. However, i f  t h e  
b o i l e r  w a s  p a r t l y  conditioned, a l o w e r  outgassing pressure  appeared t o  be bene- 
f i c i a l  t o  b o i l e r  performance. 

B*  INDIUM/THERMOWELL COMPATIBILITY 

A pool  of indium i s  being employed i n  thermocouple wells i n  S ~ A P - ~  
loops as a hea t - t r ans fe r  medium between t h e  thermocouple w e l l  and t h e  thermocoupie 
sheath.  An indium/thermowell. ma te r i a l  compat ib i l i ty  t es t  w a s  i n i t i a t e d  t o  de- 
termine t h e  e f f e c t  upon thermocouple well and sheath mater ia l s  of exposure t o  in-  
dium a t  1300°F. 
were placed i n  thermowe1l.s of 316 SS and 410 SS. 
material combinations were tes ted.  The w e l l  was f i l l e d  w i t h  indium t o  a depth o f  
1/2 i n .  
sealed t e s t  capsule.  The atmosphere inside t h e  capsule w a s  a i r .  Capsules were 
removed from t e s t  af ter  1000 hours of exposure. 
made. 
s ion  w a s  found. No me ta l lu rg ica l  changes were noted except ing the  expected car- 
bide p r e c i p i t a t i o n  i n  316 SS and spheroidizat ion i n  410 SS. 
a l l  i n t e r i o r  sur faces  of t h e  capsule.  Consequer;tly, t h e r e  w a s  no longer  a pool  of 
indium p resen t ,  but  r a t h e r  a sur face  fi lm. The capsules  were resealed and t h e  tes t  ' 

resumed toward 2000 hours of exposure. 

Wires of 316 SS and 410 SS, represent ing  t h e  thermocouple sheath,  
A l l  poss ib le  thermowell-wire- 

A cap w a s  then  welded on t h e  open end of t h e  thermowell t o  provide a 

A metallographic examination was 
N o  reduct ion  i n  w i r e  diameter could  be de tec ted ,  and no evidence of corro- 

The indinm had wet, 

The prel iminary ana lys i s  ind ica tes  t h a t  t h e  thermowell and thermo- 
couple shea th  materials are compatible with indium but t h a t  some d i f f i c u l t y  may be 
experienced i n  maintaining an indium p o o l  i n  t h e  thermowell. 

C .  MERCURY -RUBIDIUM AMALGAMATIOTJ 

Rubidium i s  a p o t e n t i a l  addi t ive  t o  a mercury loop operated as a 
Rankine cyc le  system t o  promote mercury b o i l e r  condi t ioning ( f o r  proper hea t  t r ans -  
f e r ) .  The s e l e c t i o n  of rubidium was based on eva lua t ion  of i t s  phys ica l  p rope r t i e s  

7 
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and pool-boi l ing experiments conducted a t  AGE (Reference 5) . 
rubidium compositions of  rubidium contents  up t o  about 21 w t k  (see Reference 6)  
were evaluated f o r  formation and d i s s o l u t i o n  c h a r a c t e r i s t i c s  of s o l i d  and l i q u i d  
amalgams. 
amalgam plugs,  were they  t o  form i n  a loop. The program i s  descr ibed i n  Sec t ion  
V I I I , D  i n  Reference 4. 
conclusions reached a r e  discussed below. 

Various mercury- 

P o t e n t i a l  c leaning techniques were evaluated f o r  removal of s o l i d  

The genera l  observat ions made during t h e  s tudy and t h e  

Liquid amalgams of rubidium with mercury, containing 1 w t $  or less  Rb, 

Those amalgams whose l i qu idus  temperature i s  above t h i s  ambient r equ i r e  
are e a s i l y  formed and homogenized a t  an a.mbient temperature of llO°F using simple 
a g i t a t i o n .  
hea t ing  t o  the l i qu idus  and some a g i t a t i o n  before an homogeneous l i q u i d  amalgam 
forms 

The chemical p rope r t i e s  of t h e  rubidium-mercury amalgams s tudied  were 
similar t o  those o f  pure rubidium except f o r  a notab le  decrease i n  r e a c t i o n  ra tes .  
Thus, t h e  amalgams may be handled i n  a i r  and even decomposed i n  water without un- 
due hazard o r  violence,  as cont ras ted  with t h e  v i r t u a l l y  explosive charac te r  of 
pure rubidium i n  similar environments. As s o l i d s ,  t h e  amalgams containing a mini- 
mum o f  4.1% Rb (RbHglO) are hard and b r i t t l e .  All t h e  s o l i d  amal ams were com- 
p l e t e l y  soluble i n  excess mercury a t  an ambient temperature of 77 F t o  form so lu-  
t i o n s  of less than  about 1% Rb. A rubidium oxide or hydroxide coa t ing  on t h e  
sur face  of the  s o l i d  was not so luble  i n  mercury, and a g i t a t i o n  was necessary t o  
break through t h e  p ro tec t ive  coat ings t o  e f f e c t  d i s s o l u t i o n  o f  t h e  Rb-Hg amalgam. 

8 

Mercury-rubidium amalgams of up t o  about 21 w t %  rubidium can be sa fe ly  
decomposed i n  t h e  presence of a i r  with water a t  room temperature without i g n i t i o n  
of t h e  hydrogen formed: t h e  decomposition products  of rubidium are so luble  i n  t h e  
water, leaving t h e  c lean  mercury behind. The amalgams can a l s o  be handled s a f e l y  
i n  a i r  with no sparks  o r  f i r e ;  however, they  slowly d e t e r i o r a t e  due t o  a rubidium 
reac t ion  whenever an amalgam i s  exposed t o  air  and water vapor. 

Water o r  humid a i r  can be s a f e l y  (assuming t h a t  normal precaut ions  are 
taken t o  adequately vent evolved hydrogen gas )  and f r e e l y  u t i l i z e d  t o  decompose 
rubidium amalgam depos i t s  or plugs i n  SNAP-8 hardware except  i n  cases  where t h e  re- 
leased  mercury cannot d r a i n  away from t h e  amalgam ( t o  allow f r e s h  exposure of 
rubidium). 
i ng  down l a rge  plugs would be necessary t o  minimize t h e  requi red  time - perhaps 
abras ive  a g i t a t i o n .  

Mercury can be used t o  d i s so lve  p lugs ;  however, some method of break- 

Heating t o  approximately 500°F w i l l  melt t h e  plug.  

D. RPL-2 EVALGATION 

SNAP-8 components were t e s t e d  i n  t h e  Rated Power Loop KO. 2 (RPL-2) 
a t  system design condi t ions.  The RPL-2 included a primary N a K  loop, a mercury 
loop, a hea t - re jec t ion  loop, and a lub r i can t - coo lan t  loop.  This  t e s t  f i x t u r e  
was used t o  provide bas ic  opera t ing  d a t a  f o r  component and materials eva lua t ion .  

1. N a K  Primary Loo2 

A f a i l u r e  i n  a thermocouple w e l l  a t  t h e  IYaK h e a t e r  o u t l e t  of 
RPL-2 w a s  inves t iga ted .  F a i l u r e  occurred i n  t h e  weld between t h e  end cap and t i e  
thermowell tube. The o r i g i n a l  c ros s - sec t iona l  area of t h e  weld had been substan-  
t i a l l y  reduced during f a b r i c a t i o n .  Weld f a i l u r e  probably occurred because of 

8 
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excess fo rce  appl ied  through over - inser t ion  of t h e  sheathed thermocouple during 
loop assembly. 
were exposed t o  NaK were heavi ly  carburized t o  a depth of 0.001 in .  
memorandum (Reference 7) was published t o  document t h e  resul ts  of t h i s  i cves t iga t ion .  

It w a s  a l s o  found t h a t  a l l  316 SS sur faces  of t h e  therrnowell which 
A t e c h n i c a l  

During t h e  RPL-2 shutdown f o r  conversion t o  TAA t e s t i n g ,  af%er 
approximately 800 hours of operat ion,  a s e c t i o n  w a s  cu t  from t h e  NaK loop a t  t h e  
input  s i d e  of t h e  EM pump. The pipe sec t ion  included t h e  c i r cumfe ren t i a l  b u t t  
weld used f o r  i n s t a l l a t i o n  of t h e  pump i n t o  t h e  loop. The i n t e r i o r  of t h e  removed 
sec t ion  w a s  coated with a loose ly  adherent l a y e r  of p a r t i c l e s  which v i s u a l l y  ap- 
peared t o  be c r y s t a l l i n e .  Metallographic sec t ions  of t h e  pipe are shown as Figures  
6, 7, Figure 6 i s  t y p i c a l  of  t h e  appearance of a l l  s t r a i g h t  s ec t ions  of and 8. 
p ipc  vhich were exzmined. 

The depos i t  l a y e r  was approximately 0.006 in .  t h i ck .  
as an  agglomeration of p a r t i c l e s  with a g r e a t  many in t e r spe r sed  voids.  The in -  
t e r n a l  sur face  of t h e  tube,  under t h e  deposited l aye r ,  contained a l a y e r  of i n t e r -  
g ranular ly  deposi ted carbides  approximately 0.001 in .  deep. 

It appeared 

The pene t r a t ion  o f  a c i rcumferent ia l  weld contained i n  t h e  spec i -  
men exceeded loo$, and t h e  dropthrough produced a rough jagged i n t e r i o r  sur face  
with protuberances approximately 0.008 t o  0,010 i n .  high.  
heavier  
t h e  buildup of depos i t  i s  heavier  on one s i d e  of t h e  protuberances than  on t h e  
o the r .  
it i s  not  known whether t h e  increased buildup occurred a t  po in t s  of impingement 
(on t h e  upstream s i d e  of t h e  weld) or a t  po in t s  where t h e  f l u i d  w a s  more quiescent 
(on t h e  downstream s i d e ) .  

The sur face  depos i t  was 
Note t h a t  i n  t h e  weld a rea ,  as can be seen by comparing Figures  6 and 8. 

The o r i e n t a t i o n  of t h e  removed pipe s e c t i o n  w a s  no t  i d e n t i f i e d ,  and thus  

Samples a t t a i n e d  by scraping t h e  depos i t  from t h e  pipe w a l l  were 
examined by X-ray d i f f r a c t i o n .  
t e c t e d  were c h a r a c t e r i s t i c  of a i ron ,  chromium, or nicke l .  Semiquant i ta t ive emis- 
s i o n  spectroscopy w a s  performed. 
ium, wi th  approximately 3-l/2 times as much i r o n  as chromium. 

The only d i f f r a c t i o n  p a t t e r n  l i n e s  which were de- 

The p r i n c i p a l  cons t i t uen t s  were i r o n  and chrom- 

The condi t ion of t h i s  s e c t i o n  i s  t y p i c a l  of t h a t  produced by 
mass t r a n s f e r  i n  NaK systems operated with a high oxygen content  ( i a e . ,  a.pproxi- 
mately 100 ppm or above). The ORNL found similar mass t r a n s f e r  of me ta l l i c  e le-  
ments and carbon i n  high-oxygen containing loops run under a NASA-sponsored 
SNAP-8 support  program, wherein the  loop design w a s  a scaled-down vers ion  o f  
t h e  s ~ P - 8  primary loop. 

2.  Mercury Loop 

The b o i l e r  tube surface ( 9 C r - l M O  a l l o y  s t ee l )  w a s  oxidized dur- 
ing  f i n a l  s t r e s s - r e l i e v i n g  because of an air-contaminated argon furnace atmosphere. 

It was decided t o  use t h e  b o i l e r  with t h e  oxide l a y e r  f o r  two 
reasons .  F i r s t ,  t h e  a l t e r n a t i v e  o f  removing the  oxide by chemicals presented 
c leaning  problems. Second, t h e  TS-2B b o i l e r  (9%-lMo s t ee l )  had produced super- 
hea ted  mercury vapor after exposure of i n t e r n a l  mercury tubes  t o  flowing a i r  f o r  

Y 



Report Yo. 2989 

1 hour a t  1300°F. 
t h a t  p re sen t  on %he b o i l e r  under considerat ion.  
t i o n  w a s  ca l led  f o r  or, subseqvlert b o i l e r s  t o  be f ab r i ca t ed  t o  avoid t h e  oxidized 
tube surface. 

This exposure would have r e s u l t e d  ir an oxide l a y e r  similar t o  
A vaculm s t r e s s - r e l i e v i n g  opera- 

A l a r g e  increase  i n  pressure  drop occurred across  t h e  l i q u i d  
mercury f i l t e r  o f  RPL-2 after approximately 45 hours of operat ion.  
t h e  element, fabr ica ted  of 316 SS, were removed from t h e  loop and evaluated.  

l%e case and 

A l l  sur faces  which had been exposed t o  mercury were darkened. 
Analysis i s  i n  process  t o  determine the  na ture  of t h i s  darkened l a y e r .  
p o s i t  w a s  found on t h e  f i l t e r  case ir. t h e  form of a r i n g  a t  what had apparent ly  
been t h e  l i qu id  l e v e l .  
l i q u i d  inventory would tend t o  be e s t ab l i shed  i n  t h e  presence of non-condensable 
gases.  This  f i l t e r  
d id  experience reduced flow. Deposits were a l s o  foand i n  quiescent  areas ins ide  
t h e  per fora ted  element f i l t e r  sheath a.bove t h e  t o p  of t h e  f i l t e r  c lo th .  The loca-  
t i o n  o f  deposi ts  i s  showr, i n  Figure 9. 30 mate r i a l  depos i t  w a s  found on t h e  f i l t e r  
c lo th .  
o f  t he  f i l t e r  which automatical ly  occurs when t h e  merciiry i s  drained from t h e  loop. 

Some de- 

The cons t ruc t ion  of t h e  f i l t e r  i s  such t h a t  a p a r t i a l  

This  condition i s  aggravated a t  a flow rate  lower than  design. 

The absence of material depos i t  on t h e  c l o t h  i s  a t t r l b u t e d  t o  a backflush 

The p a r t i c l e s ,  which were recovered by scraping,  were from 0.5 
Most of t h e  smaller p a r t i c l e s  (ice., 0.5 t o  3 microns) were roughly 

The l a r g e r  p a r t i c l e s  appeared t o  be agglomerations of  t h e  smaller p a r t i -  
t o  25 microns. 
globular .  
c l e s .  

The t o t a l  amount of m a t e r i a l  recovered w a s  i n s u f f i c i e n t  f o r  
gravimetr ic  ana lys i s .  
of  Fe203 and/or C r O .  
Emission spectroscopy showed t h e  res idue  t o  consis?  p r imar i ly  of chromium and i r o n  
with approximately twice as much chromium as i ron .  Nickel,  s i l i c o s ,  and molybde- 
num were a l s o  present  i n  approximately equal  p a r t s  - each about one-half t h e  
amount of i ron .  

An X-ray d i f f r a c t i o n  powder p a t t e r n  ind ica ted  t h e  presence 
Other peiks  were present  but  were too  weak t o  i n t e r p r e t .  

The p r i n c i p a l  const i tuent ,s  of 9Cr-LMo s t e e l  are i r o n  and chrorn- 
ium. Chromium i s  more so luble  ir, mercury t h a n  i ron .  It i s  t h e r e f o r e  concluded 
t h a t  t h e  composition of t h e  depos i t  i s  inciica.tive of cor ros ion  of 9Cr-lMo s t e e l  
components i n  the system, t h e  b o i l e r ,  and/or t h e  condenser. 
products are apparently c a r r i e d  arouzd t h e  loop and u l t ima te ly  lodge i n  t h e  l i q u i d  
Hg f i l t e r .  Evaluation o f  t hese  components a t  t h e  conc1usio;l o f  RPL-2 opera t ion  i s  
required t o  a sce r t a in  t h e  ex ten t  of cor ros ion  ar,d t o  extrapola5e t h e  amount of cor- 
ros ion  an t i c ipa t ed  i n  10,000 hours ( t h e  requi red  l i f e  of t h e  SNAF-8 system). 

!These cor ros ion  

3. Dowtherm Lloop 

The RPL-2 Hg loop u t i l i z e s  a n  Ilg chempump, manufactured by Chew 
pump Divis ion of Fos to r i a  Corp., ir, l i e u  of a s~w-8 Hg PMA which i s  s s i l l  under 
development. The chempump i s  cooled by a separafe  coolant  loop u. t i l iz i r_g Dow- 
therm E .  
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A l a r g e  increase  i n  pressure drop occurred a t  t h e  Dowtherm loop 
f i l t e r  after approximately 45 hours of operat ion.  
was recovered from t h e  f i l t e r  element and from t h e  bottom of t h e  f i l t e r  case.  The 
specimen was moist with Dowtherm. 
following r e s u l t s :  

The case w a s  removed and a slime 

Analysis of t h i s  material was performed with t h e  

a. In f r a red  spectroscopy indica ted  t h e  presence of carbonates.  

b. Microanalysis indicated t h e  res idue  contained 18 4% carbon, 
1.4% hydrogen, and a combustion res idue  of 68.4%. 
hydrogen i s  assumed t o  be from Dowtherm. The l a r g e  percentage of combustion resi- 
due ( inorganic  ash)  i nd ica t e s  t h a t  t h e  material is  t h e  product of contamination o r  
corrosion and not  from polymerization o r  breakdown of  t h e  f l u i d .  

The source of  t h e  carbon and 

c. 
s ion  spectroscopy indica ted  t h a t  t h e  major elements present  were i r o n  and chromium. 
Nickel  and s i l i c o n  were a l s o  de tec ted ,  but t o  a lesser degree.  

Semiquantitative a n a l y s i s  of t h e  combustion res idue  by emis- 

d. Qua l i t a t ive  ana lys i s  gave no i nd ica t ion  of ch lor ide .  Cor- 
ros ion  by t h e  Dowtherm mixture should produce ch lo r ides  s ince  Dowtherm E i s  about 
5 w t %  chlor ide  and w i l l  hydrolyze if  contaminated with water. 

It w a s  concluded t h a t  t h e  f i l t e r  clogging w a s  no t  due e i t h e r  t o  
cor ros ion  or t o  f l u i d  polymerization, but r a t h e r  t o  t h e  a c t i o n  of Dowtherm i n  re- 
moving contaminants from t h e  loop walls.  The loop p ip ing  w a s  carbon s t ee l  and 
contained a t i g h t l y  adherent black i ron  oxide coa t ing  as received from t h e  m i l l .  
The pipe w a s  degreased, but  no at tempt  was made t o  remove t h e  oxide coat ing p r i o r  
t o  loop  f a b r i c a t i o n .  

I V e  LUBRICANT-COOLANT FLUID EVALUATION 

A. FLUID ANALYSIS PROCEDURES 

Analy t ica l  methods f o r  eva lua t ing  t h e  Mix-4P3E were esua + blished 
through a l abora to ry  program which was completed during t h e  r e p o r t  per iod.  

1. Gas Chromatographic Determination of Isomer Rat ios  and 
V o l a t i l e  Impur i t ies  

A method w a s  se lec ted  f o r  i d e n t i f i c a t i o n  and quan t i t a t ive  arialy- 
s i s  of the isomer d i s t r i b u t i o n  i n  t h e  f l u i d ,  and t o  e s t a b l i s h  t h e  i d e n t i t y  and 
q u a n t i t a t i v e  d i s t r i b u t i o n  of v o l a t i l e s  and poss ib le  homologues. 

Three p o t e n t i a l  p a r t i t i o n i n g  f l u i d s  were evaluated.  These were 
Dow Corning DC-710, Dow Corning High Vacuum Grease, and General E l e c t r i c  SE-52. 
The DC-TlO f l u i d  w a s  unsa t i s f ac to ry  because it r e s u l t e d  i n  "bleedicg," which i s  
t h e  emission of v o l a t i l e s  from t h e  column f l u i d  caused by thermal  breakdown. These 
v o l a t i l e s  fog  t h e  r e s u l t s  of t he  v o l a t i l e s  contaiced i n  t h e  Mix-4P3E. 
f l u i d  w a s  s e l ec t ed  because it gave b e t t e r  and sharper  r e s o l u t i o n  of t h e  isomer's 
t h a n  t h e  High Vacuum Grease. The developed procedure w i l l  be  issued as p a r t  of 
Aero je t  Standard AGC-STD-2003, which covers sampling and t e s t i n g  of chemicals and 
materials. 

The SE-52 

11 
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2. Halogen Analysis 

An ana lys i s  procedure w a s  e s t ab l i shed  f o r  determinat ion of t o t a l  
The method i s  a modif icat ion of t h a t  contained i n  Reference 9. halogen content.  

A to luene  so lu t ion  of t h e  sample i s  re f luxed  with sodium metal i n  t h e  presence of 
a small amount of butanol ,  
sa l t .  Reproducible r e s u l t s  were obtained during t h e  t e s t  program. This method 
w i l l  be incorporated i n t o  t h e  Aero j e t  Standard AGC-STD-3003 (as Method 5604) ,  which 
covers determination o f  halogens i n  organic  compounds. 

This converts  t h e  halogens t o  an e a s i l y  ionized sodium 

3. Phenol Analysis 

Phenols and o ther  a c i d i c  mater ia l s  i n  t h e  Mix-kP3E w i l l  be de- 
termined by nonaqueous t i t r a t i o n .  This method c o n s i s t s  of d i s so lv ing  t h e  sample 
of Mix-4P3E i n  pyr id ine  and t i t r a t i n g  t o  a v i s u a l  o r  potent iometr ic  endpoint with 
a s tandard so lu t ion  of potassium hydroxide i n  isopropyl  a lcohol  (nonaqueous solu- 
t i o n ) .  The procedure i s  being incorporated i n t o  AGC-STD-3003 (as Method 5106.1), 
which covers determination of very weak ac ids  i n  organic  compounds by nonaqueous 
t i t r a t i o n .  

B. MATERIALS COMPATIBILITY 

Qual i ta t ive  r e s u l t s  of t e s t s  wherein copper was exposed t o  two samples 
of Mix-bP3E were reported i n  Sec t ion  V I ,  Page VI-23, of Reference 1. 
w a s  from l o t  12-2P suppl ied by Dow Chemical Co. One f l u i d  sample w a s  used as- 
received,  and contained approximately 2% v o l a t i l e  impur i t i e s .  
was acquired by d i s t i l l i n g  o f f  t hese  v o l a t i l e s .  F i n a l  t e s t s  on t h e  f l u i d  were 
completed during t h i s  r epor t  per iod .  The fol lowing i s  a synopsis of t h e  r e s u l t s :  

A l l  f l u i d  

The o the r  sample 

1. The weight change of t h e  copper specimens w a s  neg l ig ib l e  and 
t h e r e  appeared t o  be no p i t t i n g  or roughening. Some of t h e  specimens had d i s -  
colored with d e f i n i t e  demarkation l i n e s  a t  t h e  Mix-kP3E l iquid-vapor  i n t e r f a c e .  
The specimens t h a t  had g r e a t e s t  co lor  change were those  exposed t o  t h e  as-re- 
ceived Mix-kP3E with t h e  h igher  v o l a t i l e  conten t .  

2 .  Both samples had f l u i d  darkened dur ing  exposure, but no appar- 
e n t  degradation w a s  de tec ted  by gas chromatographic a n a l y s i s .  

3. The a c i d i t y  of t h e  two f l u i d  samples d id  not  change s i g n i f i -  
can t ly .  

It i s  concluded as a r e s u l t  of t h e s e  t e s t s  t h a t  i n  a non i r r ad ia t ion ,  
e leva ted  temperature exposure, Mix-kP3E does not  adverse ly  a t t a c k  copper, and 
copper does not cause degradat ion of Mix-4P3E. 

C .  POST-TEST FLUID ANALYSIS 

Subsequent t o  a 1000-hour t e s t  of t h e  L/C PMA a t  TRW, a sample of t h e  
Mix-kP3E (Dow's ET-378, Lot 43-2) was re turned  t o  VKC to determine i f  t h e  proper-  
t i e s  had been af fec ted .  The dens i ty ,  pour p o i n t ,  i n f r a r e d  da ta ,  and the  isomer 

12  
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d i s t r i b u t i o n  were t h e  same as t h e  o r i g i n a l  and 500-hour specimens which had been 
evaluated previously.  
t i r e  1000-hour t e s t  per iod .  The v o l a t i l e  content ,  which showed no change duririg 
t h e  f i rs t  500 hours,  increased s l i g h t l y  dur ing  t h e  second 500 hours .  
ind ica ted  t h a t  t hese  v o l a t i l e s  weie very l i g h t .  
t he  1000-hour t e s t  per iod are shown i n  Table 3. They are not  excessive and it i s  
judged t h a t  t h e  1000 hours of operat ing time had no adverse e f f e c t  on t h e  f l u i d .  

The v i s c o s i t y  exhibi ted a continued decrease during t h e  en- 

The ana lys i s  
The changes which occurred during 

D. GEXERAL CONSIDERATIONS 

A pe r iod ic  summarization covering i n v e s t i g a t i v e  s t u d i e s  with Mix-4P3E 
( t h e  SNAP-8 lubr icant /coolan t  f l u i d )  was i ssued  as a t e c h n i c a l  memorandum (Refer- 
e x e  10). The Eem,nralzc?lm rovered t h e  period from 1 January through 15 J u l y  1964. 
The goa l  of t h i s  i nves t iga t ion  w a s  (1) t o  supplement ava i l ab le  manufacturer 's  d a t a  
where necessary,  and ( 2 )  t o  eva lua te  the e f f e c t s  on t h e  f l u i d  of system component 
t e s t s .  Information t h a t  w a s  promulgated appears below. 

A procurement spec i f i ca t ion  (AGC-10320) w a s  i s sued  

Ana ly t i ca l  methods and p u r i f i c a t i o n  techniques were 
e s t ab l i shed  

Se lec ted  environmental t e s t s  were run.  Analysis w a s  
conducted on samples taken during t e s t i n g  o f  var ious 
SNAP-8 components. 

The r e s u l t s  of SNAP-8 experience ind ica t e  t h a t  some of t h e  cha rac t e r i s -  
t i c s  of t h i s  f l u i d  may prove undesirable f o r  SNAP-8 use.  
d i s so lves  r e l a t i v e l y  l a r g e  amounts of  a i r  or o the r  gases lead ing  t o  a tendency of 
t h e  f l u i d  t o  foam under t e s t  condi t ions.  A l s o ,  t h e  supercooled f l u i d  c r y s t a l l i z e s  
under undefined condi t ions  if  t h e  isomer r a t i o  i s  not  wi th in  a s p e c i f i c  range. 
Addi t iona l ly ,  t h e  l u b r i c i t y  of t h e  f l u i d  appears marginal. 

For example, t h e  f l u i d  

A meeting was held with representa t ives  of  NASA t o  d iscuss  t h e  use of 
t h i s  f l u i d .  It w a s  deemed advisable  t o  se lect  s e v e r a l  a l t e r n a t e  candidate f l u i d s  
as backup t o  Mix-4P3E i f  f u r t h e r  experience showed it t o  be unacceptable.  
a c t i o n  item r e s u l t i n g  from t h i s  meeting w a s  t h a t  t he  Materials Sec t ion  w a s  d i r ec t ed  
t o  compile a l i s t  of o the r  p o t e n t i a l  SNAP-8 lubr icant /coolan t  candidate f l u i d s  e 

These would then  be analyzed i n  d e t a i l  t o  s e l e c t  optimum candidates  f o r  comparative 
eva lua t ion  aga ins t  4F3E. 

An 

Ten d i f f e r e n t  f l u i d s  resu l ted  from a survey of  t h e  l i t e r a t u r e  and of 

Ail ava i l ab le  p rope r t i e s  of t hese  f l u i d s  
expe r t s  i n  u n i v e r s i t i e s ,  i n d u s t r i a l  organizat ions,  and Government l a b o r a t o r i e s .  
These f l u i d s  are descr ibed i n  Table 4. 
were t abu la t ed  from t h e  var ious ava i lab le  sources .  

V.  TFiANSFORMER-REACT3R ASSEMBLY KEA7 SINK TRAlVSITIOl\J J O I N T  

The ob jec t ive  of t h i s  t a s k  i s  t o  e s t a b l i s h  an adequate j o i n t  f o r  connectir,g 
t h e  h e a t  s ink  of t h e  t ransformer-reactor  assembly t o  t h e  l i n e  of t h e  lub r i can t /  
coolant  loop. The h e a t  s i n k  is  fabr ica ted  of pure aluminum and t h e  p ip ing  of t he  
lub r i can t / coo lan t  loop i s  304 SS . 
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A. JOINT CONCEPT 

Direct jo in ing  of aluminum t o  s t a i n l e s s  s tee l  by welding i s  not  an 
e s t ab l i shed  s t a t e -o f - the -a r t  procedure. 
lem. One company - Nuclear Metals, Inc . ,  Concord, Mass. - provided samples of a 
hot  coextruded t r a n s i t i o n  j o i n t  t o  Aerojet-General f o r  eva lua t ion .  An acceptable  
t r a n s i t i o n  j o i n t  using s t a t e -o f - the -a r t  procedures w a s  made by jo in ing  aluminum t o  
copper us ing  the Koldweld (pressure  welding) process of Kelsey Hayes, then  jo in ing  
copper t o  n icke l  by TIG-welding, followed by jo in ing  n i c k e l  t o  304 SS by TIG-weld- 
ing.  
of Reference 11) t h a t  t h e  copper end of t h e  coldwelded p a r t  should not  be welded 
d i r e c t l y  t o  the 304 SS. It w a s  concluded t h a t  a n i c k e l  t r a n s i t i o n  p iece  between 
t h e  Cu and 304 SS i s  necessary.  

Severa l  companies are working on t h e  prob- 

Previously prepared l a p  and b u t t  weld samples had ind ica ted  (Sect ion V I I 1 , A  

There i s  evidence t h a t  copper i s  a t tacked  by t h e  coolant  f l u i d  (Mix- 
4P3E polyphenyl e t h e r )  i f  t h e  system opera tes  under nuclear  r a d i a t i o n .  
t h e  p o t e n t i a l  copper corrosion problem, it i s  necessary t o  apply a p r o t e c t i v e  
me ta l l i c  coating over t he  copper t o  keep it from contac t ing  t h e  Mix-kP3E. 

Because of 

B. PROTECTION OF COPPER I N  Al/Cu TRANSITION J O I N T  

A t e s t i n g  program (see Sec t ion  V I I 1 , C  i n  Reference 4) was i n i t i a t e d  t o  
eva lua te  th ree  optimum candidate  coa t ings  by exposing coated specimens t o  Mix-4P3E 
heated t o  250°F i n  evacuated (10-3 t o  
t i o n  j o i n t  specimens of Al/Cu/Ni/304 SS were prepared f o r  coa t ing  eva lua t ion .  The 
Cu/Ni j o i n t  was completed using Monel (70Ni/30Cu) f i l l e r  metal and t h e  Ni/304 SS 
j o i n t  w a s  completed using Inco A f i l l e r  metal .  Figure 10 shows a sketch of t h e  
j o i n t  specimen. 

t o r r )  g l a s s  capsules .  Tubular t r a n s i -  

The coat ings and t h e  p l a t i n g  vendors who appl ied  them t o  t h e  specimens 
are shown below.  

Copper-Protecting Coatings f o r  T/R t o  L/C Loop Trans i t i on  J o i n t  

Type 

"E l e  c t r  o 1 i ze d 'I 

chromium 

E l e c t r o l e s s  
n i cke l  

S i l v e r  over 
e l e  c t r o l e  s s 
n i cke l  

Thickness 

Approximately 0 .4  
m i l  

1 t o  2 m i l s  

Approximately 0.5 
m i l  s i l v e r  over 1 
t o  2 m i l s  of  e l e c -  
t r o l e s s  n i c k e l  

Spec i f  i c a t  ion  

QQ-S-320, C1. 2 

MIL-C-26074, C 1 .  1 

S i l v e r  p e r  QQ-S-365 
Type 1, Class 1; 
e l e  c t r o l e  s s n i c  ke 1 
per  MIL-C-26074, 
c1. 1 

Vendor 

E l e c t r o l i z i n g  Sa le s  
Inc . ,  Los Angeles 

Hixson Metal 
F in ish ing ,  Newport 
Beach, Calif. 

Hixson Metal 
F in ish ing ,  Newport 
Beach, Calif. 

Eac.. as-received p l a t e d  specimen w a s  v i s u a l l y  examined t o  a s c e r t a i n  
A synopsis  of t h i s  examination appears t he  condi t ion  of t h e  deposi ted coat ing.  

below. 

1 4  
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1. "E l e  c t r  o li ze d Chromium 

Coatings were smooth and l u s t r o u s .  Small depressions a s soc ia t ed  
with welds d i d  not  appear t o  be coated, Some of t h e  areas ins ide  t h e  tubes d id  not  
appear t o  have a coat ing,  e s p e c i a l l y  on t h e  aluminum. The vendor had s t a t e d  t h e  
poor i n t e r n a l  coat ing was caused by an inadequately deoxidized sur face .  A proper 
sur face  w a s  d i f f i c u l t  t o  achieve because t h e  tube in s ide  diameter w a s  t o o  small .  

2. E l e c t r o l e s s  Nickel 

The coat ing w a s  uniform, l u s t r o u s  g ray - s i lve r ,  and smooth - ex- 
cept  over t h e  aluminum where a slight roughness w a s  observed. The surface rough- 
ness  was =robably due t.n 9-1.rfa.ce rmighness of the aluminum s u b s t r a t e  produced by 
an i n i t i a l  powder blast which w a s  performed t o  ob ta in  adequate adhesion. The in-  
side appeared t o  be s a t i s f a c t o r i l y  coated. 

3. S i l v e r  Over E lec t ro l e s s  Nickel 

The o r i g i n a l  p lan  was t o  u t i l i z e  only s i l v e r ,  but  t h e  vendor 
misread t h e  p r i n t .  Since t h e  s i l v e r  adequately covered t h e  e l e c t r o l e s s  n icke l ,  
t h e  composite coat ing w a s  accepted for t es t .  The s i l v e r  coa t ing  appeared uniform 
i n  t e x t u r e  and color .  
because the e l e c t r o l e s s  n i c k e l  w a s  rough). 
quately covered. 

The s i l v e r  was somewhat rough over t h e  aluminum (presumably 
I n t e r n a l  areas appeared t o  be ade- 

A group of capsules was removed from the  furnace after 1000 hours o f  
exposure. The specimens were being evaluated a t  t h e  c lose  of  t h e  r e p o r t  per iod.  

C .  EVALUATION OF BOND AREA OF Al/Cu TRANSITION JOINT 

The e f f e c t  of e leva ted  temperature aging on a Koldweld t r a n s i t i o n  
p iece  (copper/6061 aluminum a l l o y )  was continued. 
had been exposed a t  35OoF f o r  1500 hours showed a s l i g h t  d i f f u s i o n  zone i n  the  
copper (0.00008 i n . ) .  
No d i f f u s i o n  w a s  de tec ted  i n t o  t h e  aluminum a l l o y  side of t h e  i n t e r f a c e  on t h e  
aged specimen. Tens i le  tes ts  on unexposed and exposed specimens were run. T'he 
f r a c t u r e  f aces  of  t h e  exposed specimen were me ta l l i c  gray. A comparison of t en -  
s i l e  p r o p e r t i e s  of t h e  j o i n t  i n  t h e  as-received condi t ion (Reference 12)  and 35OoF 
aged condi t ion  i s  shown below. 

A specimen (Figure 11) which 

For comparison, Figure 12  shows t h e  as-received specimen. 

Tens i le  P rope r t i e s  of 6061-~6 Al/Cu Koldweld J o i n t s  

Condition 
Aged 1500 h r  

As-Received a t  35OoF 

U l t i m a t e  t e n s i l e  s t r eng th ,  
p s i  35,800 36,000 

Yie ld  s t r eng th ,  p s i  33,150 - 
Elongation, $I i n  2 i n .  21 2 
Reduction of area, $I 70.4 14.4 
Poin t  of f a i l u r e  Aluminum Al/Cu i n t e r f a c e  
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The 14% reduct ion  i n  area of t h e  aged specimen (Figure 13) i s  judged 
t o  ind ica t e  adequate d u c t i l i t y  f o r  t h e  app l i ca t ion .  Based upon d a t a  generated t o  
da t e ,  it appears t h a t  t h e  r eac t ion  i s  t o  s t rengthen  t h e  aluminum a l l o y  by age 
hardening and thus  move t h e  f a i l u r e  area from t h e  aluminum a l l o y  t o  t h e  j o i n t  
i n t e r f a c e .  The t e s t  of t h e  aged specimen i s  the  f i r s t  i n  which f a i l u r e  i n  t h e  
bond area w a s  produced. 
t e s t  t o  determine i f  unacceptable reduct ion  i n  t h e  d u c t i l i t y  of t h e  i n t e r f a c e  area 
w i l l  occur. 
hours w a s  s tarted.  

Therefore it w a s  deemed necessary t o  run a longer time 

Toward t h i s  end, thermal exposure a t  35OoF of a specimen f o r  3000 

A coextruded tubu la r  t r a n s i t i o n  j o i n t  specimen of aluminum bonded 
d i r e c t l y  t o  304 SS furnished by Nuclear Metals, Inc. ,  Concord, Mass. w a s  examined 
metal lographical ly  i n  t h e  as-received condi t ion  (Figure 14) .  
examined after exposure i n  air a t  275OF f o r  350 hours (Figure 1 5 ) .  
s i g n i f i c a n t  d i f fus ion  r e s u l t i n g  from t h e  elevated-temperature exposure. 

Another specimen w a s  
There was no 

V I .  BIMETAL TUBE EVALUATION 

A. 9~ r - l~0 /316  SS BIMETAL, TUBE 

The ob jec t ive  of t h i s  t a s k  i s  t o  e s t a b l i s h  t h e  a v a i l a b i l i t y  of  a b i -  
metal tube comprised of nonrefractory,  conventional materials. Tubing w i l l  be  
evaluated t o  e s t a b l i s h  i t s  a c c e p t a b i l i t y  as a backup material t o  t h e  9Cr-lMo steel  
mercury containment tube f o r  SNAP-8 b o i l e r  s e rv i ce .  

Ultrasonic  inspec t ion  of t h e  bond i n t e g r i t y  of e i g h t  lengths  of gCr-lMo/ 
316 SS bimeta l l ic  tub ing  suppl ied by AGN ind ica t ed  t h a t  four  lengths  had ex tens ive  
unbonded a reas  and four  lengths  were w e l l  bonded. The unbonded tubing  w a s  produced 
by cold drawing of tube blanks which were prepared by i n s e r t i n g  a gCr-lMo tube  i n t o  
a 316 SS tube.  The bonded tubing  w a s  produced by cold drawing of tube blanks which 
were prepared by h o t  coextrusion.  Sec t ions  of t h e  w e l l  bonded tubing  were machined 
i n t o  specimens f o r  t h e  development of tube-to- tube jo in ing  techniques.  

Planning w a s  i n i t i a t e d  f o r  conducting a thermal  shock t e s t  on t h e  b i -  
The procedure se l ec t ed  employs hea t ing  of t h e  tube  OD and water metal bond area.  

spraying of the tube I D .  This method w i l l  produce a high 
tube w a l l ,  which s imulates  b o i l e r  operat ion.  
evaluated,  but a thermal  ana lys i s  ind ica ted  a helium flow rate of  200 cfh would be 
requi red .  Due t o  t h e  l a rge  amount of gas requi red  and t h e  a s soc ia t ed  expense, t h i s  
procedure was re j ec t ed  i n  favor  of t h e  water spray method. 

(100'F) ac ross  t h e  
A t e s t  method u t i l i z i n g  helium w a s  

B. REFRACTORY BIMETAL TUBE DEVELOPMENT 

The ob jec t ive  of t h i s  t a s k  i s  t o  e s t a b l i s h  t h e  a v a i l a b i l i t y  of r e f r a c -  
tory-bimetal  tubing as a backup f o r  mercury containment i n  t h e  SNAP-8 system if 
experience ind ica tes  t h a t  9Cr-lM0 s t e e l  ( t h e  p re sen t  re ference  material) does not  
e x h i b i t  s u f f i c i e n t  mercury-corrosion r e s i s t a n c e  f o r  a l i f e  of 10,000 hours .  If 
direct-bonded tubing ( r e f r a c t o r y  t o  316 SS) cannot be  fabricated or proves t o  be 
unusable because of elevated-temperature d i f f u s i o n  e f f e c t s ,  a source i s  t o  be de- 
veloped f o r  re f rac tory-b imeta l  tub ing  fabricated us ing  an  i n t e r f a c e  material or 
materials between the  r e f r a c t o r y  and the 316 SS. 

16 
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1. Tube Materials Diffusion Study 

1 Inves t iga t ions  made on b i m e t a l l i c  t ub ing  have ind ica ted  d i f f i -  
c u l t i e s  and p o t e n t i a l  d i f f i c u l t i e s  i n  bonding and jo in ing ,  and i n  p a r t i c u l a r  t h e  
i n t e r d i f f u s i o n  of t h e  r e f r a c t o r y  l i n e r  and s t a i n l e s s - s t e e l  c ladding materials 
(Reference 16),  f o r  a long-time elevated-temperature app l i ca t ion .  
been t h e  incept ion  of a program t o  develop b i m e t a l  tub ing  with a d i f fus ion - inh ib i t -  
i ng  d u c t i l e  i n t e r f ace .  A t h e o r e t i c a l  l i t e r a t u r e  survey w a s  made t o  determine 
probable d u c t i l e  i n t e r f a c e  materials. The f irst  phase of  t h e  program involved 
f a b r i c a t i o n  (by Metals and Controls,  Inc . ,  At t leboro,  Mass.) and eva lua t ion  of 
f l a t  bond specimens containing candidate i n t e r f a c e  systems between r e f r a c t o r y  and 
316 SS shee t s .  
(produced by Nuclear Metals, Inc . ,  Concord, Mass.) were exposed t o  1350 and 1450°F 
i n  vacuum f o r  500, 1000, and 2000 hours. Pre-  and post-exposure metallographic 
and hardness surveys were made f o r  a f i r s t - s t e p  eva lua t ion  of t h e  systems. The 
surveys included 112 specimens t o  make f i v e  groups of t h e  fol lowing combinations: 

The resul t  has  
I 

These f l a t  bonded specimens and one rod and two tubing  specimens 
~ 

t 

Group 1 - cb/316 SS 
Cb/316 SS ( tube)  
Cb/( 1 Z r )  /316 SS 
Cb( lZr ) /316  SS ( tube )  
~ a / 3 1 6  ss 

Group 2 - Cb/Cu/316 SS 

Group 3 - Cb/Fe/316 SS 
Cb( 1Zr)/Fe/316 SS 
Ta/Fe/316 SS 

Cb/V/Fe/316 SS ( rod)  
Cb(lZr)/V/Fe/316 SS 
Ta/V/Fe/316 SS 

Group 5 - Cb/Mo/Ni/316 SS 
Cb(lZr)/Mo/Ni/316 SS 
Ta/Mo/Ni/316 SS 

Group 4 - Cb/V/Fe/gl6 SS 

a. Exposure Procedure 

(1) Specimen Prepara t ion  

Cut t ing  o f  exposure specimens from coupons w a s  per-  
formed wi th  a hand s a w  s ince  t h i s  method maintained t h e  bond i n t a c t .  

Average specimen dimensions were 0.25 i n .  wide by 
0.75 i n .  long. 

A f t e r  cu t t ing ,  specimens were i d e n t i f i e d  with a code 
number us ing  a v i b r a t i n g  t o o l ,  then  degreased i n  a so lvent .  

Visual  examination of t h e  coupons be fo re  c u t t i n g  re- 
vealed t h a t  t h e  Ta/Mo/Ni/316 SS specimen w a s  debonded t o  such a degree t h a t  it was 
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d i f f i c u l t  t o  f ind  good bonded areas f o r  t e s t  specimens, 
coupon debonded p a r t i a l l y  during exposure. This sample was not evaluated.  

Specimens cu t  from t h i s  

( 2 )  Test F a c i l i t y  

Vacuum i n  t h e  t e s t  chamber w a s  maintained us ing  a 
Consolidated Vacuum Corporation O i l  Diffusion Pump with water-cooled baff le .  
t e s t  chamber consis ted of a 316 SS tube,  approximately 45 in .  long with a 4 i n .  
i n s ide  diameter. 
pump, vacuum gages, water cool ing c o i l ,  and a cover p l a t e  with fou r  thermocouple 
connections.  

The 

It w a s  provided with necessary connections t o  t h e  o i l  d i f f u s i o n  

The vacuum chamber containing the  t e s t  specimens 
was i n s t a l l e d  i n t o  a n  Arcweld s leeve  furnace.  Temperature con t ro l  was obtained 
using Wheelco Temperature Cont ro l le r .  

re l iminary  t e s t s  with dummy specimens it was 
found t h a t  t he  requi red  vacuum During of 10- !5 mm Hg w a s  r e a d i l y  obtainable  a t  spec i f i ed  
temperatures.  For vacuum measurements two independent gages were used: 
charge vacuum gage type GPH-100A, and ( b )  thermocouple vacuum gage type GTC-105. 

( a )  d i s -  

The thermocouple vacuum gage w a s  connected t o  t h e  
furnace power supply; i f  a t  any time t h e  vacuum i n  t h e  t e s t  chamber should drop 
below 40 microns, power t o  t h e  furnace would be cu t  o f f .  This arrangement pre-  
vented exposure of t h e  t e s t  specimens i n  a vacuum of less  than  40 microns. During 
t h e  a c t u a l  exposure, p ressure  i n  t e s t  chamber was always below 10-5 mm of mercury. 

The two requi red  exposure temperatures of 1350°F and 
1450°F were obtained i n  the  t e s t  chamber, us ing  two hea t ing  zones on t h e  s leeve  
furnaqe. Regulating t h e  power input  t o  each zone provided uniform temperatures .  
Temperature was con t ro l l ed  during exposure us ing  one of t h e  four Chromel-Alumel 
thermocouples welded on t o  t h e  t e s t  specimens and connected t o  a Wheelco Con t ro l l e r .  
Two thermocouples were loca ted  i n  t h e  1450°F zone and two i n  t h e  1350°F zone. 

Figure 16 shows t h e  specimen s tand  in s ide  t h e  t es t  
chamber and specimen l o c a t i o n  i n  t h e  s leeve  furnace.  To ensure uniform tempera- 
t u r e  d i s t r i b u t i o n  on a l l  specimens, they  were pos i t ioned  t a n g e n t i a l l y  t o  t h e  
wa l l  o f  t he  chamber. 

Temperature measurements on t h e  remaining t h r e e  
thermocouples were taken twice d a i l y  us ing  k e d s  & Northrup po r t ab le  potent iometer  
No. 8686. 
l imits  of - +10 F. 

Th: temperature i n  each zone w a s  maintained w e l l  wi th in  t h e  requi red  

The vacuum t e s t  chamber with t h e  t e s t  specimens was 

This vacuum, because of 
i n s t a l l e d  i n  t h e  s leeve  furnace af ter  t h e  necessary connections had been made. 
The chamber was then  evacuated below 10-5 mm of mercury. 
t h e  outgassing problem, was maintained a t  room temperature  f o r  24 hours;  t hen  h e a t  
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was appl ied  slowly t o  t h e  furnace.  
t i o n  w a s  approximately 8 hours .  
were made i n  both zones. 

The time requi red  t o  reach s teady-s ta te  condi- 
During t h e  8-hour per iod,  temperature co r rec t ions  

A f t e r  500 hours of exposure t h e  furnace was shut  
down. The vacuum i n  t h e  t es t  chamber was maintained u n t i l  t h e  temperature in s ide  
t h e  chamber ind ica ted  75OF; then  some of t h e  specimens were removed. After an  addi-  
t i o n a l  500 hours of exposure, another  s e t  of specimens was removed (1000 hours ex- 
posure) .  
hours (2500-hour exposure).  

The exposure on t h e  remaining specimens w a s  continued f o r  another  1500 

A f t e r  completion of t h e  1000-hour exposure t e s t ,  t h e  
upper po r t ion  of t h e  t es t  chamber, as well as thermocouple i n s u l a t o r s ,  w a s  covered 
with a gray compound. 
d i sco lored .  It w a s  theor ized  t h a t  the sediment w a s  a n  outgassing product from t h e  
thermocouples i n s u l a t o r s .  The change was made then  t o  quartz-glass  i n s u l a t o r s .  

Also, t h e  t e s t  specimens i n  t h e  1350°F zone were s l i g h t l y  

b. Evaluat ion Procedure 

The s tandard columbium e tchan t  (10 cu cm H20, 5 cu cm HN03, 
2 cu ern HF) w a s  used as an a l l -purpose  etchant  and augmented with milder e t chan t s  
on occasions.  Although t h e  Cb e tchant  was i n e f f e c t i v e  f o r  Ta,  it i s  bel ieved t h a t  
it would have etched any d i f f u s i o n  tak ing  p l ace  i n t o  the Ta. 

h o o p  hardness indenta t ions  were made with a 100-g load 
and t h e  KHN values converted t o  Rockwell B o r  C equiva len ts .  
hardness va lues  are probably s l i g h t l y  higher than  ac tua l ;  however, i n  t h i s  survey, 
r e l a t i v e  values  are of prime considerat ion.  

I n  conversion, some 

c .  Summary of  Evaluation 

(1) Bonds 

A l l  of the as-received samples (no hea t  t rea tment )  
showed s a t i s f a c t o r y  bonding, 

( 2 )  Diffusion 

The d i f fus ion  c h a r a c t e r i s t i c s  of t h e  var ious compos- 
i t e s  va r i ed  from no pe rcep t ib l e  d i f fus ion  t o  severe i n t e r d i f f u s i o n  and t h e  forma- 
t i o n  of i n t e r m e t a l l i c  compounds. There w a s  no d i f f e rence  noted between t h e  d i f f u -  
s i o n  c h a r a c t e r i s t i c s  of  Cb and C b ( 1 Z r ) .  
var ious  components of t h e  composites can be summarized as fol lows:  

The d i f f u s i o n  c h a r a c t e r i s t i c s  of t h e  

(a )  Tantalum 

Tantalum r e s i s t e d  d i f f u s i o n  of a l l  ad jacent  
composites,  except i ron ,  and even a t  the Ta-Fe i n t e r f a c e ,  d i f f u s i o n  w a s  not  con- 
c l u s i v e  e 
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( b )  Vanadium 

Although vanadium showed exce l l en t  bonding 
and no i n t e r d i f f u s i o n  with Cb, C b ( l Z r ) ,  and Ta, it rap id ly  combined with Fe t o  
form a very hard and b r i t t l e  compound. 
t r a t i o n  through t h e  Fe showed a s t rong  inf luence  on t h e  Fe-SS i n t e r d i f f u s i o n  r e a c t i o n  
a t  t h e  longer  time and higher  temperature hea t  t rea tments .  

I n  t h e  Cb-V-Fe-SS group, vanadium Pene- 

( c )  Copper ( 1 / 4 - Z r )  

The me ta l lu rg ica l  bond formed a t  t h e  Cu-Cb 
i n t e r f a c e  appeared t o  d e t e r i o r a t e  r a t h e r  than  d i f f u s e  w i t h  temperature and t i m e .  
A t  t h e  Cu-SS in te r face ,  t h e  copper d i f fused  i n t o  t h e  SS i n  an  e r r a t i c  manner 
resembling corrosion r a t h e r  than d i f f u s i o n .  

(d ) Molybdenum 

A very small amount of d i f fus ion  was i nd ica t ed  
a t  t h e  Cb  and Cb(1Zr)-Mo i n t e r f a c e  a t  high magnif icat ion examination. 
with Ta was observed. Molybdenum and n i c k e l  r a p i d l y  i n t e r d i f f u s e d .  

No d i f fus ion  

( e )  Nickel 

N i  and Mo r a p i d l y  i n t e r d i f f u s e d .  The n i c k e l  
and s t a i n l e s s  s t e e l  a l s o  r ap id ly  in t e rd i f fused ,  but  d id  not  show t h e  customary 
d i f f u s i o n  l i n e .  

( f )  I ron 

I ron  showed t h e  g r e a t e s t  tendency t o  d i f f u s e .  
It a l s o  was the most e r r a t i c  i n  d i f f u s i o n  behavior .  Severe i n t e r d i f f u s i o n  with 
vanadium and s t a i n l e s s  s t e e l  was shown and t h e r e  a l s o  was evidence of s l i g h t  
d i f fus ion  w i t h  C b ,  C b ( l Z r ) ,  and poss ib ly  T a .  

( g )  Cb,  C b ( 1 Z r )  D i r e c t l y  t o  SS 

The very t h i n  d i f fus ion  l a y e r  formed a t  the 
Cb and Cb( U r ) - S S  i n t e r f a c e  showed no apprec iab le  expansion with increased  tempera- 
ture  and t i m e .  
ad jacent  t o  the d i f f u s i o n  l a y e r .  
measurements, but  s c r a t c h  tes t s  ind ica ted  t h a t  t h i s  i s  a hard l a y e r .  The Cb and 
e spec ia l ly  t h e  Cb(lZr) immediately behind t h e  d i f f u s i o n  l a y e r  shows a band which 
suggests  t h e  p o s s i b i l i t y  of a secondary d i f f u s i o n  l a y e r .  

High magnif icat ion showed no apparent  composition change immediately 
The d i f f u s i o n  l a y e r  was t o o  t h i n  f o r  hardness 

d .  Di rec t  Bonded Refrac tory  t o  316 SS Systems 

The systems of d i r e c t  combination of t h e  r e f r a c t o r y  metal 

F igures  17 through 21 show t h e  e f f e c t s  of t h e  
t o  316 SS appear t o  present  less of a d i f f u s i o n  problem than  was shown by t h e  
d i f f u s i o n  barrier materials. 
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extremes i n  exposure time a t  each temperature (1350 and 145O0F) by comparison 
with unexposed samples. 
and include both f l a t  shee t  and tube specimens where ava i l ab le .  

The systems i l lustrated are Cb, Cb-1Zr  and Ta  with 316 SS, 

The Cb showed no s t r u c t u r e  change o r  hardness change as 
t h e  r e s u l t  of exposure (compare Figures  17 and 18).  
increase of t h e  Cb ad jacent  t o  Cb-SS junct ion i s  bel ieved t o  be t h e  r e s u l t  of 
some unknown r e a c t i o n  (o the r  than  d i f fus ion ) .  

The genera l ly  s l i g h t  hardness 

The s t a i n l e s s  s t ruc tu re  changes from a severe work-hardened 
t o  a t tspherodizedtr (and probably Sigma carbide)  condi t ion  a t  135O0F/5O0 h r  and re- 
mains constant  t h e r e a f t e r .  Carbides show no tendency t o  diffuse a t  t h e  i n t e r f a c e .  
The l a r g e r  and fewer carbides  i n  the  SS of t h e  tube specimens i n d i c a t e s  a composi- 
t i o n  va r i ab le  between these  and t h e  sheet specimens. Hardness t r ends  are minor. 

The T a  series shows no change a t  the i n t e r f a c e .  The Cb 
series shows a very t h i n  (approximately 0.0001 i n . )  d i f f u s i o n  zone. 
i s  more prominent i n  t h e  tub ing  specimens. Only a f i n i t e  increase  i n  t h e  width of  
t h i s  zone with time and temperature i s  ind ica ted ,  although time appears t o  improve 
d e l i n e a t i o n  of t h e  zones. 

This condi t ion  

2, Tube-to-Header Back-Brazing 

The ob jec t ive  of t h i s  t a s k  i s  t o  develop a procedure f o r  produc- 
ing  a welded and back-brazed tube-tube shee t  j o i n t .  The tube and tube  shee t  are 
both constructed of a refractory/316 SS b ime ta l  system. 
signed t h a t  mercury flowing i n  t h e  t u b e  s h a l l  be exposed only t o  the r e f r a c t o r y .  
Pyromet Co., San Carlos,  Cal i forn ia ,  i s  developing a jo in ing  procedure under a 
SNAP-8 subcont rac t .  

The j o i n t  must be so de- 

F l a t  Cb/3l6 SS bimetal tube shee t  specimens were f ab r i ca t ed  by 
An intermediate  l a y e r  of i r o n  was used t o  Pyromet f o r  back-brazing development. 

provide a t r a n s i t i o n  of thermal-expansion c o e f f i c i e n t s  across  t h e  bond area. T h i s  
t r a n s i t i o n  w a s  deemed necessary because o f  previous unsuccessful  a t tempts  t o  pro- 
duce a bond between t h e  0.050-in.-thick Cb and t h e  0.250-in.-thick 316 SS. A 97.2 
AU-2.8 Pd braze a l l o y  w a s  used a t  the Cb/Fe i n t e r f a c e ,  and a 50 Au-25 N i  braze 
a l l o y  w a s  used at  t h e  Fe/316 SS in t e r f ace .  The l a y e r s  were braze-bonded us ing  t h e  
Horton-Clad Process .  This i s  a procedure where t h e  assembled composite i s  bonded 
by exposure t o  2000°F while a vacuum i s  app l i ed  t o  t h e  i n t e r f a c e s  of  t h e  composite. 
A cool ing rate of 100°F/hour from t h e  bonding temperatures was used t o  f u r t h e r  mini- 
mize t h e  p o s s i b i l i t y  of bond separat ion.  

Four sets of machined tube-to- tube shee t  j o i n t  specimens were 
prepared by Pyromet and shipped t o  t h e  Aerojet  Von Karman Center.  
c o n s i s t  o f  cb/316 SS b i m e t a l  tubes and t h e  multi-metal  tube shee ts  descr ibed above. 
The j o i n t  conf igura t ion  i s  shown i n  Figure 22. These specimens are t o  be s e a l -  
welded on t h e  Cb s ide by Aerojet-General and then  returned t o  Pyromet f o r  develop- 
ment of t h e  back-brazing technique. 

These specimens 
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C. MERCURY CAPSULY TESTS OF BIMETAL TUBE JOINTS 

The object ive of t h i s  t a s k  i s  t o  determine the  mercury corrosion resis- 
tance of welded j o i n t s  i n  b ime ta l l i c  9Cr-U0/316 SS, and cb/316 SS tubing. 
tubing w a s  supplied by Nuclear Metals Inc. ,  Concord, Mass., and w a s  f ab r i ca t ed  
using t h e  hot ex t rus ion  cold-drawing process.  

The 

Twelve capsules were f ab r i ca t ed  f o r  t e s t i n g  as out l ined  i n  Table  5. 
One of  each item l i s t e d  w a s  used as a con t ro l  f o r  comparison o f  pre-  and pos t -  
exposure conditions.  The re f lux ing  capsules (Figure 23) were constructed SO t h a t  
one welded jo in t  i s  below t h e  mercury bo i l ing  in t e r f ace  and t h e  second welded 
j o i n t  i s  i n  the area where mercury vapor i s  condensing. A l l  capsules were heated 
a t  1150°F i n  the SNAP-8 capsule t e s t  furnaces described i n  Reference 13. One set 
of  capsules was removed a f t e r  1000 hours exposure, and another s e t  after 2000 hours 
exposure. Evaluation of t h e  1000-hour specimens w a s  completed, and eva lua t ion  of 
t h e  2000-hour specimens was i n  process,  a t  t h e  end of t h e  r epor t  per iod.  

The 1000-hour capsules were opened by sawing o f f  t h e  f i l l  tube,  and 
t h e  mercury was drained o f f .  
determine t h e  ex ten t  of mercury corrosion on t h e  welded j o i n t s .  Metallographic 
examination was performed on t h e  upper and lower weld of each capsule.  
macrographs of each capsule I D  were taken as were photomicrographs o f  t h e  welds. 

These capsules were then  sect ioned and examined t o  

Photo- 

1. 9Cr-m0/316 S t a i n l e s s  S t e e l  Bimetal l ic  Capsule 
(Item 1. Table 5 )  

The upper and lower welds showed no mercury corrosion even though 
the  lower weld indicated burn-through of t h e  Type 316 s t a i n l e s s - s t e e l  cladding weld 
i n t o  t h e  9Cr-LMO inner weld (Figure 23) .  

2. 9Cr-m0/316 S t a i n l e s s  S t e e l  Bimeta l l ic  Capsule 
(Item 2, Table 5) 

The lower weld i n  l i q u i d  mercury showed no mercury corrosion. 
The upper weld ind ica ted  mercury corrosion i n  t w o  a r eas  a t  a maximum depth of 
0.006 in .  Both of t h e  weld areas where cor ros ion  occurred show burn-through Of 

t h e  316 s t a i n l e s s - s t e e l  cladding weld i n t o  t h e  9Cr-lM0 inner  weld (Figure 24).  

3. cb/316 S t a i n l e s s  S t e e l  Bimeta l l ic  Capsule (Item 3, 
Table 5) 

This capsule w a s  electron-beam welded using a cont ro l led  penetra-  
t i o n  procedure such t h a t  only t h e  316 SS cladding w a s  jo ined.  

No mercury corrosion w a s  Seen i n  t h e  upper or lower 316 s t a i n -  
l e s s - s t e e l  welds even though the  weld penet ra ted  i n t o  t h e  columbium l i n e r  i n  Some 
areas  (Figure 25), crea t ing  a gap a t  t h e  columbium l i n e r  j o i n t .  
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4. 9Cr-lMo Unclad Capsule ( I tem 4, Table 5) 

The upper and lower welds showed no ind ica t ion  of mercury 
corrosion (Figure 26).  
when t h e  capsule  w a s  emptied, ind ica t ing  some corrosion had taken  p lace .  

However, corrosion products were noted i n  t h e  mercury 

5. Discussion 

Improvement i s  needed i n  t h e  technique f o r  making b ime ta l l i c  
All but  one weld examined indica ted  welds i n  the 9~r-m0/316 s t a i n l e s s  s t e e l .  

pene t r a t ion  of t h e  316 s t a i n l e s s  steel  cladding weld i n t o  t h e  9Cr-lMo l i n e r  weld, 
r e s u l t i n g  i n  an uncontrol led weld metal. composition on t h e  i n s i d e  sur face  of t h e  
capsule .  
less  s t e e l  welds i n  t h e  upper po r t ion  of t h e  capsule  a f t e r  1000 hours a t  l150°F. 
No no t i ceab le  corrosion occurred i n  the lower welds. 

A s m a l l  amount of mercury corrosion was seen a t  t h e s e  9 ~ r - 1 ~ 0 / 3 1 6  s t a i n -  

The 316 s t a i n l e s s  s t e e l  weld areas i n  theocolumbium/316 s t a i n l e s s  
s t e e l  capsules  showed no corrosion af ter  1000 hours a t  1150 F, even though a gap 
ex i s t ed  a t  t h e  columbium l i n e r  j o i n t .  To ensure r e l i a b i l i t y ,  it would be des i r ab le  
t o  weld the columbium l i n e r  when t h i s  type of j o i n t  is  made. 
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V I I .  9Cr-lMo STEEL STRENGTH EVALUATION 

A. 9Cr-lMo WELD STRENGTH 

The ob jec t ive  of t h i s  t a s k  i s  t o  eva lua te  t h e  s t r e n g t h  of var ious weld 
configurat ions i n  t h e  SNAP-8 system where a t  least  one component i s  9Cr-lMo s tee l .  
Evaluation w i l l  be based on d i r e c t  comparison of p a r a l l e l  tests' of unwelded spec i -  
mens where appl icable .  

1. 9Cr-lMo t o  9Cr-lMo Welds 

Eight  shee t  specimens of 9Cr-lM0 material w i l l  be t es ted  i n  air  
a t  1325'F f o r  times up t o  3000 hours,  as l i s t e d  below, t o  eva lua te  t h e  creep- 
rupture  s t rength  o f  9Cr-lMo t o  9Cr-lMo s tee l  welds. 

Condition 

Nominal S t r e s s ,  p s i  Nominal S t r e s s ,  p s i  

2300 1600 

Unwelded Transverse weld Unwelded Transverse weld 
i n  t h e  cen te r  of i n  t h e  cen te r  of 
t h e  gage sec t ion  t h e  gage s e c t i o n  

Number of Specimens 2 2 2 2 

Tes t ing  of fou r  of t h e  e i g h t  specimens was completed during t h e  
The r e s u l t s  of t h e  four  t es t s  completed are summarized i n  T a b l e  6 r epor t  per iod.  

and t h e  creep curve f o r  each specimen i s  given i n  Figure 27. 

These t e s t  r e s u l t s  i n d i c a t e  t h a t  welding does not  decrease t h e  
creep o r  creep rupture  s t r eng th  of 9Cr-lMo material a t  1325'F. 

Tes t ing  of t h e  remaining four  specimens which are dup l i ca t e s  of 
t h e  four  t e s t ed  specimens w a s  s tarted.  

2. 9Cr-lMo t o  316 SS Weld Trans i t i on  J o i n t  

The ob jec t ive  of t h i s  t a s k  i s  t o  eva lua te  t h e  s t r eng th ,  under 
simulated SNAP-8 opera t ing  condi t ions,  of welded t r a n s i t i o n  j o i n t s  connecting 9Cr- 
lMo steel  and 316 SS using 310 SS w e l d - f i l l e r  metal. 
var ious in t e r f aces  between t h e  f i r s t  t h r e e  loops of t h e  SNAP-8 system. 
must withstand extended se rv ice  a t  a maximum temperature  of approximately 1325OF 
( a t  t h e  mercury-superheated-vapor manifold of t h e  b o i l e r )  . 

Such a j o i n t  i s  requi red  a t  
The j o i n t  

Two welded t r a n s i t i o n  c y l i n d r i c a l  specimens ( t h e  welds of one 

The exposure t es t s  were conducted concurren t ly  on both specimens 
specimen hadobeen r o l l e d  p lan ished)  were i n s t a l l e d  i n  a temperature-control led 
oven a t  1300 F. 
using a p a r a l l e l  pressure system operated by a timer arrangebent .  A pressure  
switch,  bu r s t  diaphragm, and temperature r e l a y s  of t h e  t e s t  system were i n s e r t e d  
i n  t h e  controls  t o  prevent  damage t o  t h e  tes t  specimen caused by malfunction. 
The u n i t s  w e r e  pressure-cycled with n i t rogen  gas  between 48 p s i g  and 52 Ps ig ,  
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imposing a cycl ing stress of  1100 +44 psi ,  while t h e  temperature w a s  held constant 
a t  1500 F. 
Speedomax s t r i p  cha r t s  f o r  10 min once every 8 hours. The pneumatic system, t imer  
c i r c u i t s ,  and con t ro l l e r s  performed successful ly  without inc ident  up t o  t h e  time 
of  t e s t  terminat  ion.  

The pressure mode and specimen temperatures were monitored on two 

I 

! 

The t e s t  program w a s  conducted i n  two phases as indicated below. 

a. Simulated System S ta r tup  T e s t  

The simulated system s t a r t u p  t e s t  involved 25 short-per iod 
temperature cycles  between ambient and 1300°F. 
oven, which was preheated t o  1300°F and conditioned f o r  8 hours. 
pressure was cycled every 8 sec during the elevated temperature. 
were then removed from t h e  oven and the  specimen temperature was allowed t o  decay 
over a 16-hour period a t  atmospheric pressure.  

The specimens were placed i n  t h e  
Nitrogen gas 
The specimens 

b. Simulated System Service Life  T e s t  

I n  t h i s  por t ion  of t h e  tes t  program, a constant tempera- 
t u r e  w a s  maintained a t  1300°F and the  pressure cycled every 8 sec.  

On 13 March 1964, the  two welded cy l inders  commenced t h e  simu- 
l a t e d  s t a r t u p  tes t .  When t h e  specimen sk in  temperature reached 1300°F, t h e  n i t r o -  
gen gas pressure  w a s  appl ied  and cycled between 48 and 52 psig at  8-sec i n t e r v a l s .  
The t e s t  sequence was s t a r t e d  a t  0800 when t h e  specimens were in se r t ed  i n  the  
1300°F oven and removed a t  1615 f o r  a 16-hour cool period. 

Both specimens completed t h e  25 temperature cycles  without 
evidence of weld separa t ion  or leakage. Examination a f t e r  t he  cycle l i f e  t e s t  
revealed sca l e  depos i t s  on t h e  ex te rna l  sur faces  and s l i g h t  expansion of  t h e  
cy l inder  heads. 

The simulated service l i f e  t e s t  commenced, u t i l i z i n g  t h e  same 
specimens t h a t  had been subjected t o  the s t a r t u p  t e s t ,  on 21 May 1964. 
hours, t h e  condi t ions were in te r rupted  for diamet r ica l  measurements and r e i n s t a l l e d  
a f t e r  8 hours.  
f o r  growth expansion. 
continuing t h e  t e s t  program. 

Af te r  275 

After  every 500 hours the rea f t e r ,  t h e  specimens were remeasured 
A t o t a l  of 554,213 pressure cycles  were appl ied before d i s -  

The tes t  w a s  terminated a f t e r  2227 hours exposure t o  t h e  simu- 
Examination of t he  t e s t  capsules a f t e r  removal from the  furnace l a t e d  l i fe  t e s t .  

ind ica ted  t h e  following: 

The planished specimen had bulged excessively 
i n  t h e  9Cr-lMo sec t ion  (see Figure 28). 
w a l l  th ickness  o f . t h i s  specimen had been s i g n i f i -  
can t ly  reduced by the  planishing operat ion,  
r e s u l t i n g  i n  a higher  imposed s t r e s s  than appl ied 
i n  t h e  unplanished specimen. 

' k e  unplanished specimen was giving no i n d i -  
ca t ion  o f  yielding ( see  Figure 29). 

The 
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&e r e s u l t s  o f  examination o f  t h e  t e s t  specimens and eva lua t ion  
of t h e  t e s t  data a r e  contained i n  Sect ion VII1,F i n  Reference 4. Metallographic 
eva lua t ion  of  t h e  weld j o i n t s  was i n  process a t  the  end of  t h e  r epor t  period. It 
i s  concluded t h a t  t h e r e  i s  no hazard o f  f a i l u r e  by creep i n  a weldment between 
9Cr-lMo and 316 using 310 f i l l e r  metal. 
can probably be a t t r i b u t e d  t o  one, o r  both,  o f  t he  following f a c t o r s :  
s t r a i n s  due t o  t he  d i f f e rence  i n  coe f f i c i en t  of thermal expansion, and ( b )  r e l axa t ion  
from t h e  s t r a i n s  due t o  mismatch a t  t h e  welds caused by t h e  d i f f e rence  i n  pipe 
diameters.  
pipe ( l e f t  s ide i n  t h e  f i g u r e )  i s  s l i g h t l y  l a r g e r  than  t h e  OD o f  t h e  9Cr-Mo 
pipe.  

&e increases  i n  diameters a t  t he  welds 
( a )  thermal  

This mismatch can be seen i n  Figure 29 where t h e  OD o f  t h e  316 SS 

B. gCr-lMo ENVIRONMENTAL CYCLIC CREEP 

The ob jec t ive  of  t h e  cyc l i c  creep t e s t  i s  t o  determine whether exces- 
sive creep of  t h e  e x i s t i n g  SNAP-8 b o i l e r s  can be expected, i n  t h e  des i r ed  10,000- 
hour l i f e t i m e ,  due t o  t h e  environmental and opera t ing  condi t ions o f  t h e  b o i l e r s .  

It has been e s t ab l i shed  i n  t h e  SNAP-8 primary loop cor ros ion  program 
a t  ORNL t h a t  the 9Cr-lMo b o i l e r  tubes w i l l  decarburize s i g n i f i c a n t l y  due t o  a 
difference i n  carbon a c t i v i t y  between the  var ious  a l l o y s  exposed t o  t h e  NaK. 
Extreme g ra in  growth has accompanied t h e  decarbur iza t ion  i n  some cases .  
has been removed from a l a y e r  up t o  0.06 i n .  deep and t o  a l e v e l  as low as 0.002% 
i n  700 hours.  The decarbur iza t ion  by i t se l f  i s  not expected t o  be a se r ious  
problem, o r  t o  reduce t h e  creep s t r eng th  o f  t he  9Cr-lMo t o  dangerous l e v e l s .  
has been postulated,  however, t h a t  t h e  creep s t r eng th  o f  newly r e c r y s t a l l i z e d  
material  w i l l  be d r a s t i c a l l y  reduced owing t o  t h e  absence o f  d i s loca t ions ,  
although experimental v e r i f i c a t i o n  of  t h i s  phenomenon i s  not ava i l ab le .  
f o r e ,  t h e  average c reep  s t r eng th  o f  t he  e n t i r e  w a l l  s e c t i o n  may be s i g n i f i c a n t l y  
reduced while r e c r y s t a l l i z a t i o n  i s  a c t u a l l y  t ak ing  p lace .  
i s  t r u e ,  t rouble  with f u t u r e  b o i l e r s  may be avoided by redesign.  
b o i l e r s  present a more urgent  problem. 

Carbon 

It 

There- 

If t h e  pos tu l a t ion  
However, e x i s t i n g  

It was a l s o  e s t ab l i shed  i n  t h e  ORNL program t h a t  decarbur iza t ion  pro-  
ceeds much more slowly i n  s t a t i c  NaK than under dynamic loop  condi t ions ,  as i f  
t h e  ra te  o f  carbon d i f fus ion  through t h e  l i q u i d  phase were t h e  c o n t r o l l i n g  f a c t o r .  
Therefore, a n  electromagnetic s t i r r i n g  method w a s  devised f o r  t h e  creep t e s t .  

Since i t  i s  imperative t h a t  t h e  t es t  be conducted under condi t ions 
t h a t  w i l l  produce decarbur iza t ion  and g ra in  growth, a t r i a l  run was devised t o  
e s t a b l i s h  t h e  v a l i d i t y  o f  t h e  t e s t  design. 

1. T r i a l  Run 

The ob jec t ive  of t h e  t r i a l  capsule  run w a s  t o  v e r i f y  t h a t  t h e  
condi t ions fo r  t h e  NaK c y c l i c  creep t e s t  would r e s u l t  i n  decarbur iza t ion  and 
g ra in  growth of t he  9Cr-lMo creep specimens. 
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a. Equipment Des ign  

A drawing of the capsule  i s  shown as Figure 30. Two 
1-1/4 i n .  Schedule 5, 316 s t a i n l e s s  s t e e l  weld caps welded end-to-end were used as 
the  capsule.  
w a s  used as a specimen. A cap was welded t o  t h e  bottom of t h e  gCr-lMo tube spec i -  
men t o  minimize c i r c u l a t i o n  of t h e  NaK from t h e  outs ide  t o  t h e  in s ide  of t h e  spec i -  
men. Thus, decarbur iza t ion  of  t h e  9Cr-lMo i n  NaK exposed t o  t h e  316 s t a i n l e s s  s t e e l  
and i n  NaK exposed only t o  t h e  9Cr-lMo can be compared. Some c i r c u l a t i o n  w i l l  occur 
through t h e  s l o t s  a t  t h e  t o p  of t h e  specimen. The s l o t s  a i d  i n  maintaining a proper 
NaX l e v e l  on each s i d e  of t h e  gCr-lMo specimen. I s o l a t e d  NaK expansion on e i t h e r  
s i d e  during capsule heat-up might otherwise r e s u l t  i n  an unsa t i s f ac to ry  l i q u i d  i n -  
ventory. The t a b s  ( t h r e e  equal ly  spaced around t h e  specimen circumference between 
these  s l o t s )  a r e  bent over  t o  cen te r  the specimen i n  t h e  316 SS tube.  

A 2- in .  lgngth of 9Cr-lMo b o i l e r  tube, conforming t o  ASTM-Al99-61T, 

The capsule was mounted i n  a furnace block with th ree  
s t i r r i n g  c o i l s  wound lengthwise around t h e  capsule.  These c o i l s  (120° a p a r t )  were 
hooked up i n  3-phase d e l t a  so t h a t  a moving magnetic f i e l d  would s t i r  t h e  NaK. 
Chromel-Alumel thermocouple wire was used f o r  t he  c o i l s  s ince  it w a s  t he  only 
r e a d i l y  a v a i l a b l e  wire wi th  high-temperature in su la t ion .  A f i e l d  of about 72 
ampere-turns w a s  s e l ec t ed  t o  l i m i t  heat  genera t ion  i n  each c o i l  t o  about 50 w a t t s .  

b o  Operation 

The capsule and p a r t s  were cleaned by s tandard SNAP-8 
b o i l e r  c leaning procedures (Reference 1 4 ) .  The specimen was weighed. The cap- 
s u l e  w a s  loaded with NaK, A quant i ty  was t r a n s f e r r e d  i n  a vacuum glove box i n t o  a 
316 s t a i n l e s s - s t e e l  funnel  with a s in t e red  powder f i l t e r  (5p opening) i n  t h e  bottom. 
Argon w a s  admitted t o  t h e  box and a hypodermic needle w a s  loaded wi th  NaK f i l t e r e d  
a t  room temperature.  
f i l t e r e d  NaK, a measured amount of NaK was i n s e r t e d  i n t o  t h e  capsule.  The holes  i n  
t h e  capsule  were then  welded shut ,  t rapping argon above the  NaK. 

Af t e r  t he  hypodermic needle was washed seve ra i  times with 

The s t i r r i n g  c o i l s  were wrapped around t h e  capsule  so t h a t  
they  would f i t  i n t o  t h e  mild s teel  pos i t ion ing  block. Preliminary tests were made 
t o  a d j u s t  the  vol tage across  each c o i l  so  t h a t  t h e  f i e l d s  were near ly  equal  and 
only about 50 w a t t s  were generated i n  each c o i l .  

The capsule was i n s e r t e d  i n t o  a capsule furnace and t h e  
run s t a r t e d  on 9 October. 
thermocouples - one next t o  t h e  capsule and one next t o  t h e  block. Af t e r  500 hours 
t h e  capsule  w a s  removed from the  furnace for evaluat ion.  

Operating temperature w a s  1 3 2 5 9  as measured by two 

* 
Mate r i a l  was from a l o t  purchased for s ingle- tube  b o i l e r  t e s t  s ec t ions .  Material 
from t h e  l o t  used t o  b u i l d  e x i s t i n g  RPL-2, PCS-1, PCS-2, and LeRC b o i l e r s  w a s  not 
a v a i l a b l e .  
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C .  Resul ts  

The capsule w a s  evaluated using t h e  following procedures: 
c u t  open t o p  end of capsule and d r a i n  excess NaK; ( 2 )  wash out  remaining NaK with 
alcohol ;  (3)  remove specimen, examine v i sua l ly ,  and weigh; ( 4 )  c u t  specimens f o r  
metallographic ana lys i s  from t h e  316 s t a i n l e s s  -s teel  capsule  w a l l  and t h e  specimen 
w a l l ;  and ( 5 )  determine degree of decarbur iza t ion  and g r a i n  growth. 

(1) 

V i s u a l  examination d isc losed  no ind ica t ion  of carbon t r a n s f e r  
o r  corrosion.  

Micrographs revealed both decarbur iza t ion  and g ra in  growth i n  

A 
t h e  9Cr-lMo specimen (Figure 30). A l aye r  about 0.006-0.007 i n .  shows freedom from 
p r e c i p i t a t e d  carbides and increase  i n  t h e  average ASTM g r a i n  s i z e  from 6-1/2 t o  5. 
s l i g h t  increase i n  carbon content  a t  t h e  exposed sur face  of t h e  316 SS could be 
discerned v i s u a l l y  from a microscope but  does not  show on t h e  photograph o f  t h e  micro- 
s t r u c t u r e  (Figure 30). 

It was concluded t h a t  t h e  9Cr-lMo l o t  would decarburize and 
increase  i n  gra in  s i z e  as desired under t h e  condi t ions of  t h e  c y c l i c  c reep  t e s t .  

2.  Cycle Creep Test 

a. Experimental Approach 

Three 9Cr-lMo capsules  w i l l  be stressed i n  a NaK environment 
a t  1325'F t o  simulate t h e  SNAP-8 b o i l e r  environment. 
p ressur iz ing  the i n t e r n a l  NaK u n t i l  t h e  d e s i r e d  b i a x i a l  stress e x i s t s  i n  t h e  tube  w a l l .  
Thin sec t ions  w i l l  be  machined i n  t h e  w a l l  t o  c o n t r o l  t h e  l o c a t i o n  of t h e  stress and 
t o  permit two d i f f e r e n t  stresses t o  be  inves t iga t ed  i n  each capsule.  The pressure 
w i l l  be changed each 30 sec  s o  t h a t  a 210% stress cyc le  r e s u l t s .  
be cycled because i t s  e f f e c t  can be predic ted .  

S t r e s s e s  w i l l  be induced by 

Temperature w i l l  not 

The t h r e e  capsules w i l l  be  immersed i n  N a K  i n s i d e  a Type 316 
s t a i n l e s s - s t e e l  capsule and t h e  assembly operated i n  t h e  capsule  c reep  furnace.  It i s  
expected t h a t  t h e  concurrent exposure of t h e  316 s t a i n l e s s  s t e e l  and 9Cr-lMo i n  N a K  
w i l l  r e s u l t  i n  t r a n s f e r  of carbon from t h e  9Cr-lMo t o  t h e  316 s t a i n l e s s  s t e e l .  

A l l  t h r e e  capsules  w i l l  be connected t o  a common pressur ized  
argon system and, therefore ,  t o  t h e  same pressure  cycle .  The t e s t  w i l l  s t a r t  with a l l  
capsules under s t r e s s .  The t e s t  w i l l  be shu t  down a f te r  1000, 1800, and 3000 hours.  
During each shutdown, t h e  pressure w i l l  be released from one capsule  and t h e  pressure  
system disconnected from t h e  capsule .  Wall th icknesses  of t h e  gage sec t ions  w i l l  be 
se l ec t ed  i n  each capsule s o  t h a t  one s e c t i o n  w i l l  c reep  an  est imated 1% and t h e  o the r  
w i l l  c reep a n  atnount es t imated t o  be equiva len t  t o  t h a t  of t h e  SNAP-8 -1 model b o i l e r .  
Therefore, if detr imental  e f f e c t s  due t o  t h e  stress cycl ing,  b i a x i a l  stress, NaK en- 
vironment, or C t r a n s f e r  occur, they  can be  r e a d i l y  determined by comparing t h e  a c t u a l  
creep t o  t h a t  predicted.  
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b. Design 

t 

The capsule creep method w a s  s e l ec t ed  f o r  t h i s  t es t  be- 
cause it accura t e ly  s imulates  t h e  s t r e s s e s  and environmental condi t ions of t h e  
SNAP-8 -1 b o i l e r  and because of t he  a v a i l a b i l i t y  of apparatus .  

I n  t h e  b o i l e r ,  pressure i s  exer ted  by t h e  mercury. How- 
ever ,  i n  t h i s  t e s t ,  pressur ized  NaK w i l l  be used because it w a s  bel ieved t h a t  
mercury w a s  not  a va r i ab le  i n  t h e  problem and i t s  use r equ i r e s  complicating t h e  
t e s t  design.  

The apparatus  cons i s t s  of a capsule  assembly, which in -  
c ludes t h e  creep capsules ,  ou te r  capsule, and vapor t r a p s ;  a furnace assembly, 
which inc ludes  t h e  capsule assembly, the  furnace,  and t h e  furnace s tand;  and a 
gas p re s su r i z ing  (GP) system, which includes t h e  gas p u r i f i e r ,  t h e  pressure  regu- 
l a t o r s ,  valves ,  gages, and s a f e t y  shutdown system. The des ign  of t h e  t es t  system 
i s  covered i n  Sec t ion  V I I 1 , I  i n  Reference 4. 

V I I I .  CORROSION LOOP PROGRAM 

The ob jec t ives  of t h e  Corrosion Loop Program are (a )  t o  determine corrosion 
and mass- t ransfer  p a t t e r n s  i n  t h e  mercury and NaK loops of t h e  SNAP-8 system, 
( b )  t o  eva lua te  t h e  cor ros ion  r e s i s t ance  of t h e  SNAP-8 re ference  materials aga ins t  
t h e  10,000-hour-life requiremer;t, and ( c )  t o  develop and t e s t  mercury corrosion 
product s epa ra to r s  t h a t  w i l l  remove s o l i d  p a r t i c l e s  from t h e  l i q u i d  mercury and 
superheated mercury vapor. The program i s  being conducted a t  Aerojet-General 
Nucleonics (AGN), San Ramon, Cal i forn ia .  

Component Test Loop 2 (CTL-2), constructed of Haynes 25 a l l o y ,  i s  being 
operated t o  check t h e  performance of c e r t a i n  components t o  be used i n  Corrosion 
Loops 3 and 4 (CL-3 and -4), which a r e  being constructed t o  1/16th s c a l e  of t h e  
SNAP-8 system. 
SS, with chromized Has te l loy  N i n  t h e  high-temperature area and a sec t ion  of 
Has te l loy  C i n  t h e  low-temperature area.  
i s  d i c t a t e d  by t h e  use of  t hese  mater ia l s  i n  the  r e a c t o r  of t h e  SNAP-8 system. 

The NaK primary loop of CL-3 and CL-4 w i l l  be constructed of 316 

The presence of  t h e  l a t te r  two a l l o y s  

A. CORROSION LOO? 4 

1. Hydrogen I n j e c t o r  System 

I n  t h e  SNAP-8 reac tor ,  hydrogen i s  released from t h e  zirconium- 
uranium hydride f u e l  elernents and d i f f u s e s  i n t o  t h e  NaK coolant .  The hydrogen 
can diffuse from t h e  NaK system t o  space o r  through t h e  b o i l e r  i n t o  t h e  mercury 
system where it w i l l  accumulate. The e f f e c t s  of t h i s  incondensable hydrogen gas 
c o l l e c t e d  i n  t h e  mercury system w i l l  be inves t iga ted  i n  CL-4. I n  p a r t i c u l a r ,  it 
i s  expected t h a t  t h e  hea t - t r ans fe r  c h a r a c t e r i s t i c s  of t h e  b o i l e r  and condenser 
w i l l  be a f f e c t e d .  

The hydrogen i n j e c t i o n  rate se l ec t ed  f o r  CL-4 (8.13 cu cm/hour 
STP) w a s  based on t h e  r a t i o  of the  9Cr-LMo mercury b o i l e r  tube area i n  t h e  corro- 
s i o n  loop t o  t h e  area of t h e  9Cr-lIvlo bo i l e r  tubes i n  t h e  re ference  sNAp-8 system. 
Other s c a l i n g  f a c t o r s  between t h e  reference SXU-8 system and the  corrosion loops 
t h a t  were considered are given at t h e  t o p  of  t he  fol lowing page. 



Report No. 2989 

H2 I n j e c t i o n  Rate i n t o  t h e  
Primary NaK System of  CL-4 

Parameter cu cm/hour (STP) 

Mercury flow r a t e  2.61 

Mercury condenser sur face  a r e a  3.5 

The h ighes t  i n j ec t ion  rate of 8.13 cu cm/hour was se l ec t ed  because with t h i s  rate 
t h e  e f f e c t s  o f  hydrogen on the  operat ion o f  t h e  mercury system should become more 
quickly apparent.  
b l e  enough s o  t h a t  t he  range of  i n j e c t i o n  r a t e s  l i s t e d  above can be accommodated. 

The i n j e c t i o n  r a t e  of  t h e  hydrogen i n j e c t i o n  system i s  f l e x i -  

The hydrogen i n j e c t o r  system b a s i c a l l y  c o n s i s t s  of  a hydrogen 
b o t t l e ,  a hydrogen purif ier \ ,  and an i n j e c t i o n  t i p  loca ted  i n  t h e  primary N a K  
loop between t h e  hea ter  and t h e  b o i l e r .  
and a schematic of t he  system i s  shown i n  Figure 32. 

The i n j e c t i o n  t i p  is  shown i n  Figure 31 

Bott led hydrogen i s  reduced t o  200 ps ig ,  and passed through a 
palladium diaphragm-type hydrogen p u r i f i e r .  The hydrogen flows through a c o i l  of 
small-diameter tub ing  t o  l i m i t  t h e  flow i n  case of a f a i l u r e  i n  t h e  system. The 
hydrogen then flows t o  the  i n j e c t o r  t i p  where it d i f fuses  through t h e  s t a i n l e s s -  
s t e e l  tub ing  i n t o  t h e  N a K .  

The i n j e c t i o n  ra te  is cont ro l led  by the hydrogen pressure a t  t h e  
i n j e c t o r  t i p .  A pressure t ransducer  i s  i n s t a l l e d  near t h e  i n j e c t o r  t i p  so that 
the  in j ec t ion  r a t e  can be checked pe r iod ica l ly .  T h i s  i s  done by holding a known 
volume of hydrogen behind t h e  i n j e c t o r  t i p  and monitoring t h e  pressure  decay. 
loss i n  pressure vs time ind ica t e s  t he  rate of d i f fus ion  of hydrogen through t h e  
t i p  i n t o  the  NaK. 

The 

Ordering of mater ia l s  and components f o r  t h e  hydrogen i n j e c t o r  
system was s t a r t e d .  

2. Comlsonent Fabr ica t ion  

The f ab r i ca t ion  of t h e  l i q u i d  corrosion product separa tor  f o r  
CL-4, described i n  Sect ion VIII,B,2 i n  Reference 1, was completed. 
used i n  construct ion of t he  l i q u i d  separa tor  was gCr-lMo, except f o r  t h e  columbium 
and i ron  wool. 

The material 

Loop Assembly 3" 

The assembly and the  i n s t a l l a t i o n  of C L - 4  w a s  completed dur ing  
the  r epor t  period checkout of t he  ins-trumentation, and e l e c t r i c a l  hookup was 
s t a r t e d .  The fol-lowing modif icat ions were made dur ing  t h e  assembly: 
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C .  The tu rb ine  simulator valve between t h e  blade mockup and 
t h e  condenser i n l e t  w a s  not  i n s t a l l e d  s ince  t h e  opera t ion  of CL-3 showed t h e  valve 
was not necessary.  

d. The b o i l e r  plug was removed and t h e  p i t c h  of t h e  w i r e  
t u r b u l a t o r  a long t h e  plug w a s  changed from 1 . 5  in .  t o  0.75 in .  Before t h e  plug 
was r e i n s t a l l e d  i n  t h e  bo i l e r ,  t$e gCr-lMo tubing  i n  t h e  b o i l e r  w a s  cleaned by 
f i l l i n g  t h e  c o i l  with Freon (PCA) 
t h e  c o i l  t o  remove excess Freon. 

and d ra in ing  it. Argon w a s  then  blown through 

e .  An immersion thermocouple was i n s t a l l e d  a t  t h e  b o i l e r  
o u t l e t  s o  t h a t  t h e  mercury vapor temperature could be monitored more accura te ly .  

B. CL-3 OPERATION 

1. NaK Systems 

The primary and the condensing NaK systems of CL-3 operated satis- 
f a c t o r i l y  up u n t i l  t h e  f i n a l  plugging run w a s  being made p r i o r  t o  loop shutdown on 
23 December. During t h i s  plugging run  a l e a k  developed i n  t h e  v i c i n i t y  of t h e  NaK 
hea te r .  
t h e  NaK i n  t h e  primary system p r i o r  t o  shutdown could not  be  determined. 

The plugging run could not be completed, so t h e  f i n a l  oxide content  of 

The h i s t o r y  of t h e  oxide c o n t r o l  i n  t h e  primary loop i s  given 
below. 

Operation Time Oxide Level 
(hours)  ( P P d  Remarks 

100 

530 
1130 

2100 

3 200 

38 

20 

-= 20 

38 

4 5 

Cold t rapped (250OF) f o r  4 hours; 
oxide l e v e l  reduced t o  18 ppm 

Cold t rapped (225OF) for 5 hours; 
oxide l e v e l  reduced t o  18 ppm 

Prel iminary examination of t h e  NaK primary system indica ted  t h e  
damage from t h e  NaK l eak  w a s  minor and t h e  corrosion r e s u l t s  from t h e  loop would 
no t  be a f f e c t e d .  

2. Mercury System 

The opera t ing  condition of t h e  mercury system during t h i s  r e p o r t  
per iod  i s  represented by Figure 33. Shown are a d a i l y  p l o t  of t h e  cor rec ted  mer- 
cury b o i l e r  o u t l e t  temperature,  t h e  mercury s a t u r a t i o n  temperature t h a t  corresponds 
t o  t h e  b o i l e r  o u t l e t  p ressure ,  t h e  mercury flow r a t e ,  and t h e  e f f e c t i v e  flow area 
of  t h e  choked nozzle.  The cor rec ted  mercury b o i l e r  o u t l e t  temperature i s  t h e  sum 

* 
Product of du Pont Co. (PCA Prec is ion  Cleaning Agent). 
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I The loop w a s  restarted on 8 September, and a mercury leak de- 
veloped on the Low pressure  connection of t h e  D/P c e l l  f o r  t h e  mercury flowmeter. 
The loop w a s  shut  down and t h e  mercury l e a k  w a s  r epa i r ed  and checked ou t .  

of t h e  b o i l e r  o u t l e t  sk in  thermocouple readings p lus  t h e  ca l cu la t ed  temperature 
drop ac ross  the mercury vapor f i l m .  
f i lm  i s  about 57OF (see Appendix C i n  Reference 4 ) .  

The temperature grad ien t  across  t h e  vapor 

The loop w a s  r e s t a r t e d  on 10 September. Superheated mercury w a s  
generated immediately a f t e r  mercury i n j e c t i o n .  Four hours a f t e r  loop s t a r t u p ,  a 
mercury flow rate of 480 lb/hour w a s  achieved w i t h  a b o i l e r  o u t l e t  temperature of 
llgO°F a t  95 p s i a .  
c lo s ing  t h e  choked nozzle .  S ix teen  hours after s t a r t u p  the b o i l e r  o u t l e t  condi- 
t i o n s  were 1260'~ ( co r rec t ed )  and 260 p s i a  a t  a mercury flow rate of 500 lb/hour .  

The b o i l e r  o u t l e t  p re s su re  w a s  then  gradual ly  increased by , 

Mercury bo i l ing  was continuous from 19 June through 28 August. 

Throughout t h e  run the  b o i l e r  
The system was operated continuously f o r  1650 hours except f o r  a f e w  momentary 
shutdowns r e s u l t i n g  from e l e c t r i c a l  i n t e r rup t ion .  
o u t l e t  temperature w a s  maintained a t  about 1 2 6 0 ~ ~  (co r rec t ed ) .  
var ied between 490 and 530 lb/hour.  
b o i l e r  o u t l e t  p ressure  was maintained a t  260 t o  270 p s i a .  

The flow rate w a s  
The choked nozzle w a s  ad jus ted  so t h a t  t h e  

The loop w a s  shut  down i n t e n t i o n a l l y  on 28 August f o r  mainten- 
ance. During t h e  shutdown t h e  fol lowing items were completed: 

a. The water coolant  l i n e s  ( inc lud ing  t h e  cool ing  j acke t s  
of t h e  mercury pumps) were f lushed  

b. A new D/P c e l l  f o r  t h e  mercury flowmeter w a s  i n s t a l l e d  
t o  rep lace  t h e  inopera t ive  c e l l  

e .  Defective thermocouples on t h e  condenser were replaced 

d .  Thermal i n s u l a t i o n  was added t o  t h e  condensing NaK loop 
and sec t ions  of t h e  mercury loop between t h e  condenser 
o u t l e t  and t h e  pump i n l e t  t o  c o r r e c t  an excess cool ing 
capa c it y 

e.  The condenser and t h e  l i n e s  connecting t h e  condenser 
t o  t h e  pump were examined by X-rays f o r  poss ib l e  cor- 
ros ion  and mass t r a n s f e r .  

The loop w a s  shut  down on 16 September when a s l i g h t  mercury 
l eak  w a s  detected around t h e  b o i l e r  o u t l e t .  It w a s  found t h a t  the leak w a s  caused 
by the  f a i l u r e  o f  a sec t ion  of 1/8-in.  OD t u b i n g  t h a t  jo ined  t h e  pressure  t r a n s -  
ducer t o  t h e  bo i l e r  o u t l e t  tubing.  The tub ing  was rep laced  and t h e  loop was re-  
s t a r t e d  on 18 September. 
hours a f t e r  s t a r tup ,  t he  b o i l e r  o u t l e t  condi t ions  were 1 2 6 0 ' ~  ( co r rec t ed )  and 265 
p s i a  a t  a mercury flow rate of 500 lb/hour.  

Superheat w a s  achieved immediately on s t a r t u p .  Eighteen 
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The loop operated continuously f o r  about 750 hours u n t i l  20 
October, when a 6-hour shutdown was caused by fa i lure  of t h e  pump i n  the p l a n t  
cool ing water system. During the shutdown, t h e  opera t ing  of  t h e  choked nozzle  
was checked. The opera t ing  mechanism o f  t h e  choked nozzle was d i f f i c u l t  t o  t u r n  
when f irst  operated.  A f t e r  t h a t ,  the adjustment seemed t o  be normal aga in .  The 
loop w a s  restarted,  and superheated mercury w a s  produced immediately. 
o u t l e t  temperature w a s  a t  about 1 2 6 0 ~ ~  (co r rec t ed )  and mercury flow a t  510 lb/hour 
some 3 hours a f t e r  mercury i n j e c t i o n .  However, the  b o i l e r  o u t l e t  p ressure  increased 
t o  about 280 p s i a ,  and increas ing  t h e  choked nozzle opening d i d  not  lower t h e  pres -  
sure .  Evident ly ,  t h e  nozzle mechanism was inopera t ive .  The mercury flow rate was 
then  adjusted t o  approximately 490 lb/hour i n  order  t o  maintain t h e  b o i l e r  o u t l e t  
p ressure  a t  275 p s i a .  Since the choked nozzle w a s  no t  operable,  t he  mercury flow 
rate w a s  used t o  c o n t r o l  t h e  b o i l e r  o u t l e t  p ressure .  

The b o i l e r  

Loop opera t ion  continued through 28 October when the  loop w a s  
i n t e n t i o n a l l y  shut  down so  t h a t  modifications t o  t h e  automatic c o n t r o l l e r s  could 
be made. 

Loop opera t ion  w a s  resumed on 4 November and continued through 
23 December when t h e  NaK l e a k  occurred i n  t h e  primary NaK system. 
cury b o i l i n g  time f o r  CL-3 was 4400 hours. 
mantling of t h e  loop and eva lua t ion  of components and pipe sec t ions .  

The t o t a l  mer- 
Prepara t ions  were s tar ted f o r  d i s -  

3. Discussion 

The b o i l e r  performance w a s  improving with increased opera t ion  
time as indica ted  by a change i n  t h e  NaK s h e l l  temperature p r o f i l e  s lope.  Two 
temperature p r o f i l e s  are shown i n  Figure 34. The superheat length  w a s  about 15 f t  
on 4 August, and on 22 October t h e  superheat length  w a s  about 30 f t .  
time i n t e r v a l  between these  two da te s  w a s  1530 hours .  A s  t h e  superheat l eng th  in -  
creased, t h e  pressure  drop ac ross  t h e  b o i l e r  increased from 45 t o  65 p s i .  

The opera t ing  

The t y p i c a l  NaK s h e l l  temperature p r o f i l e  of t h e  mercury con- 
The mercury vapor en tered  t h e  condenser a t  6 8 0 ~ ~  denser  i s  shown i n  Figure 35. 

and subcooled t o  500°F a t  t h e  exi t .  

The reason f o r  t h e  f a i l u r e  of t h e  choked nozzle could not  be 
determined without removing t h e  nozzle from the  loop. The opera t ing  mechanism 
t h a t  moves t h e  p i n t l e  appeared t o  funct ion proper ly .  
cluded t h a t  t h e  p i n t l e  had become disconnected from t h e  opera t ing  mechanism, 
f i x i n g  t h e  nozzle opening. 

It w a s  t e n t a t i v e l y  con- 

4. Evaluat ion 

The X-rays o f  t h e  CL-3 mercury condenser and tub ing  running from 
the  condenser o u t l e t  t o  t h e  pump i n l e t s  were evaluated.  No corrosion or mass 
t r a n s f e r  depos i t s  could be seen i n  any of t h e  X-ray films. 

The fa i led  b o i l e r  o u t l e t  t ransducer  l e g  i n  CL-3 w a s  examined. 
The t r ansduce r  l e g  was a piece of 1/8-in.  OD by 0.015 in . -wal l  Type 316 s t a i n l e s s -  
s t ee l  tub ing .  The tub ing  failed near t h e  weld where t h e  small tub ing  w a s  welded 
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i n t o  t h e  9Cr-lMo b o i l e r  o u t l e t  tubing.  A s e c t i o n  of t h e  weld and tub ing  from t h e  
area where the f a i l u r e  occurred w a s  examined meta l lographica l ly .  The failure was 
caused by mercury cor ros ion  of t h e  316 s t a i n l e s s - s t e e l  tub ing  near  t h e  area where 
t h e  s t a i n l e s s - s t e e l  tub ing  w a s  welded t o  t h e  9Cr-lMo tubing.  The temperature of 
t h e  mercury vapor stream i n  t h e  area of t h e  f a i l u r e  w a s  1265/l25O0F. It was a l s o  
observed t h a t  t h e  w a l l  th ickness  of t h e  1/8- in .  OD 316 SS tub ing  had been reduced 
during t h e  welding. 

C .  CORROSION PRODUCT SEPARATOR 

Component Test Loop 2 w a s  operated after t h e  i n s t a l l a t i o n  of a new 
Haynes 25 bo i l e r  so t h a t  vapor-phase corrosion product s epa ra to r s  could be tes ted.  
Operation of CTL-2 f o r  t h i s  purpose i s  descr ibed below. 
t h e  var ious runs a re  given i n  Table  7. 

Operating condi t ions  f o r  

1. Run 1 

The ob jec t  of t h i s  run w a s  t o  ob ta in  base condi t ions  f o r  t es t -  
i n g  vapor corrosion product separa tors .  No vapor cor ros ion  product s epa ra to r  was 
i n s t a l l e d  s ince t h e  s i g n i f i c a n t  r e s u l t  of t h i s  run was expected t o  be t h e  time 
requi red  f o r  the o u t l e t  p ressure  of t he  b o i l e r  t o  r ise  from 250 t o  300 p s i g  as a 
r e su l t  of corrosion product buildup i n  t h e  adjustable nozzle .  

Before t h e  mercury flow w a s  s tar ted,  t h e  b o i l e r  w a s  outgassed 
The vacuum reading  a t  t h e  loop w a s  less than  1 micron. a t  llOO°F for 66 hours. 

When mercury flow w a s  s tarted,  superheated mercury vapor w a s  obtained immediately 
and a b o i l e r  o u t l e t  temperature of 1265'F a t  250 p s i g  w a s  achieved. The loop was 
operated f o r  48 hours before  shutdown. No bui ldup of b o i l e r  o u t l e t  p ressure  oc- 
curred,  ind ica t ing  t h a t  corrosion products d i d  not  bu i ld  up i n  t h e  nozzle as w a s  
expected from previous opera t ing  experience.  The nozzle w a s  removed from t h e  loop, 
cleaned, and rewelded i n t o  t h e  loop. No i n d i c a t i o n  of  cor ros ion  product buildup 
was found on the nozzle.  

2. Run 2 

Since cor ros ion  product bui ldup d i d  no t  occur on t h e  nozzle dur-  
i ng  Run 1 at  rated condi t ions,  it was decided t o  lower t h e  PJaK temperature i n  t h e  
CTL-2 b o i l e r  t o  see i f  a lower degree of superheat  would cause buildup i n  t h e  nozzle .  

The loop w a s  s tarted and t h e  b o i l e r  o u t l e t  p re s su re  w a s  ad jus t ed  
t o  250 ps ig .  The NaK temperature w a s  decreased so t h a t  t h e  mercury vapor o u t l e t  
temperature was approximately t h e  same as t h e  s a t u r a t i o n  temperature .  Under t h e s e  
opera t ing  conditions the  b o i l e r  o u t l e t  p re s su re  increased  from 250 t o  300 p s i g  i n  
16.7 hours,  ind ica t ing  t h a t  buildup of cor ros ion  products  i n  t h e  nozzle had taken  
p lace  ( T a b l e  7 ) .  The loop w a s  shut  down and t h e  nozzle w a s  removed and disassem- 
bled .  Corrosion products were found on the  p i n t l e  and t h e  v e n t u r i  t h r o a t  of t h e  
nozzle.  The nozzle p a r t s  were cleaned t o  remove t h e  cor ros ion  products ;  t h e  nozz,le 
w a s  assembled and welded i n t o  t h e  loop. 
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I The ob jec t  of t h i s  run w a s  t o  t e s t  t h e  e f f ec t iveness  of an i m -  
I pingement type vapor-phase cor ros ion  product separa tor .  The impingement separa tor  

I 
w a s  i n s t a l l e d  i n  CTL-2 between t h e  bo i l e r  o u t l e t  and nozzle i n l e t  as descr ibed i n  
Sec t ion  V I I I , B , l  i n  Reference 15. 

The loop w a s  s t a r t e d ,  us ing  the  procedure followed i n  Run 2. The 
b o i l e r  o u t l e t  p ressure  increased from 250 t o  300 p s i g  i n  10 hours, i nd ica t ing  t h a t  
t h e  impingement separa tor  w a s  no t  e f f e c t i v e  i n  prevent ing cor ros ion  product buildup 
i n  t h e  nozzle.  
(Table  7 ) .  

I 

1 

t The LSP across  t h e  separa tor  w a s  20 p s i  during t h e  10-hour t e s t  

The nozzle and separa tor  were removed from t h e  loop f o r  examina- 
t i o n .  
u a l  examination of t h e  screens from t h e  impingement separa tor  ind ica ted  t h a t  some 
cor ros ion  products had been t rapped by t h e  screens.  
of t h e  sepa ra to r  sc reens  and an ana lys i s  o f  t h e  depos i t s  i n  t h e  screen  were started. 

The nozzle p i n t l e  and ven tu r i  t h r o a t  showed cor ros ion  product buildup. V i s -  

A more detailed examination 

4. Discussion 

The opera t ion  of CTL-2 for t h e  cor ros ion  product separa tor  runs 
has  ind ica t ed  t h a t  t h e  vapor separa tors  may not  be needed i f  t h e  b o i l e r  i s  oper- 
a t i n g  s a t i s f a c t o r i l y .  
superheated mercury vapor a t  rated SNAP-8 condi t ions,  no buildup of corrosion 
products  occurred on t h e  nozzle.  
w a s  reduced and t h e  degree of superheat w a s  reduced t o  a low value,  buildup oc- 
curred on t h e  nozzle i n  a shor t  time. 

A s  shown i n  Runs 1 and 2 ( T a b l e  7 ) ,  when t h e  b o i l e r  produced 

However, when t h e  NaK temperature i n  t h e  b o i l e r  

Although t h e  temperature p r o f i l e  a long t h e  mercury b o i l e r  c o i l  
i n  CTL-2 cannot be monitored, it i s  assumed t h a t  t h e  reduct ion  of t h e  NaK tempera- 
ture i n  t h e  b o i l e r  w i l l  shor ten  or el iminate  t h e  superheat length  a t  the o u t l e t  end 
of t h e  mercury b o i l e r  c o i l .  This w i l l  result i n  more l i q u i d  carryover i n  t h e  vapor 
s ince  t h e r e  i s  less area i n  the  b o i l e r  c o i l  f o r  drying t h e  vapor. 
carryover  with d isso lved  corrosion products could then  be assumed t o  be the source 
of t h e  cor ros ion  products  i n  t h e  nozzle. 

The l i q u i d  

I n  forced convection mercury b o i l e r  design, t h e  b o i l e r  c o i l  
should be long enough so  t h a t  l i q u i d  carryover with t h e  mercury vapor i s  reduced 
t o  a minimum. 
vapor area of  t h e  SNU-8 system. 

This may e l imina te  t h e  need f o r  a cor ros ion  product separa tor  i n  t h e  
I 

The impingement separa tor  tested i n  CTL-2 was designed t o  remove 
mercury d r o p l e t s  0.5 microns i n  diameter with 99% e f f i c i e n c y  (Sect ion V I I I , B , l  i n  
Reference 1 5 ) .  
i n s t a l l e d ,  t h e  l i q u i d  carryover  drople t  s i z e  must be less than  0.5 microns. This 
conclusion i s  based on t h e  assumption t h a t  l i q u i d  carryover causes depos i t  of cor- 
r o s i o n  products  i n  t h e  nozzle.  

Since cor ros ion  product buildup occurred when t h e  separa tor  was 
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TABLE 3 

COMPARISON OF PROPERTIES OF MIX-kP3E* AFTER TESTS 
WITH LUBRICANTICOOLANT PUMP-MOTOR ASSEMBLY 

A f t e r  5lO h r  A f t e r  1000 h r  
L/C PMA L/C PMA 

Test Original Operation Operation 

Viscosity,  cent is tokes 

a t  75OF 205 5 197.2 
a t  210°F 6.31 6.14 

181.1 
6.24 

Vola t i le  content, $ None Trace 0.42 
(by gas chromatography (probably (probably 

l e s s  than l e s s  than 
0.01) 0.1) 

* 
Mix-4P3E u t i l i z e d  for these t e s t s  was from Lot 43-2 of Dow Chemical 
Company's ET-378 material .  

Table 3 
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TABU 4 

POTENTIAL ALTERNATIVE LUBRICANT/COOLANT FLUIDS 
FOR SNAP-8 SERVICE 

F l u i d  T.ype 

Alkyl  diphenyl e t h e r  

Alkyl d i s i loxane  

Aromatic hydrocarbon 
( syn the t i c  ) 

D i -  (2 -ethylhexyl)sebacate 

Naphthenic mineral o i l ,  
deep-dewaxed, super- 
r e f ined  

Naphthenic w h i t e  o i l  

Neopentyl e s t e r  

Pentaery thr i  t o 1  
t e t r a h e p t  onoate 

P e n t a e r y t h r i t o l  
t e t r anona te  

Trimethyolpropane 
e s t e r  

P a r a f f i n i c  mineral o i l ,  
super-refined, deep- 
dewaxed 

Manufacturer 

C a l i f o r n i a  Research 
Corporation 

Standard O i l  of 
Ca l i fo rn ia  

Socony Mobil O i l  
co. 

Rohm and Haas 

Bray O i l  Co. 

Humble O i l  Co. 

Ca l i fo rn ia  Research 
Corporation 

Hercules Powder Co. 

Bray O i l  Company 

Hayden-Newport Co. 

Humble O i l  Co. 

Manufacturer ' s MLO 
Designation Designation 

Calresearch 216 - 

Oronite 70 - 

XRM-100 - 

Plexol-2 01 - 

Brayco 777 MLo 7277 

Humble 3158 MLo 7277 

Naphthenic - 
white  o i l  

Hercoflex 600 - 

Brayco 830 - 

Pentalube - 
TP 653 

Humble 3160 MLO 60-294 

Table 4 
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i 

Item - I 

I 1 

No. of 
Capsules 

3 

3 

3 

3 

TABLE 5 

MERCURY REFLUX CAPSUL;ES 

Material Fabricated by 

9cr -1~01316 ss SNAP-8 Division, 
b ime ta l l i c  tub ing  Von Karman Center 

g~r -1~01316 ss AGN 

Cb/316 SS A i r i t e  Products, 
Los Angeles, Calif. 

gCr -1Mo Unclad AGN 

Method 
of Welding 

TIG ( tungs ten  
i n e r t  gas ) 

TIG 

E lec t ron  beam 

TIG 

Table 5 
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TAEGE 6 

RESULTS OF gCr-lMo CREEP SPECIMEN TESTS 

Condition 

Sample No. 

Actual S t r e s s ,  p s i  

Gage Length, i n .  

Elongation, i n .  

Time t o  Rupture, h r  

* 

Nominal S t r e s s ,  ps i  

2300 1600 
Welded Unwelded Welded Unwelded 

1 6 2 5 

2285 2333 1628 1591. 

1.567 1.568 1.555 1.566 

0.034 0.039 - - 

1445 1070 Did not  rupture  

* 
Based upon minimum specimen dimension. 

Table 6 
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Cu BRAID 

BUS BAR 

L - 7807 2 x  

A. JOINT CONFIGURATION 

CLIP 

Cu BRAID I 

L - 7809 

ETCHANT - 
75% "03 + 25% ACETIC ACID 

WELD 

BUS BAR 

15 X 

B. JOINT CROSS- SECTION 

TIG-Welded J o i n t  - Copper B r a i d  t o  Terminal S t r a p  - Conf igura t ion  1 

Figure 2 
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Cu BRAID 

/ WELD 

BUS BAR 

L - 7723 

CLIP 

A. JO I NT CON F I GU RAT ION 2 x  

WELD 

' BUS BAR 

ETCHANT - 75% HN03 + 25% 

ACETIC ACID Cu BRAID 

L - 7724 B. JOINT CROSS- SECTION 15 X 

TIG-Welded Joint - Copper Braid 
to Terminal Strap - Configuration 2 

I Figure 3 
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rBRAZE 

OXYGEN FREE c u  

ETCHANT - FERRIC CHLORIDE, L - 7628 
HCI AND ALCOHOL 

TIG-Brazed  Diode T e r m i n a l  Joint 

Figure 4 

75 x 



Report No. 2989 

OUTLET 
IMMERSION THERMOCOUPLE 

FOR NaK TEMPERATURE 
CONTROL 

\ 
BOILER TANK 

HEATER 1 
(CONTROLLED INPUT). 

\ HEATER 2 

\ 
HEATER 3 

HEATERS 2. 3. AND 5 ARE 

3/4 OD x 0.049 WALL 
HAYNES 25 TUBING. 
LENGTH = 60 ft 
COIL DIAMETER = 8.25 in. 

-HEATER 5 

ld CONNECTED'DIRECTLY TO LINE. 

HEATER 6 ' (CONTROLLED INPUT) 

INLET 

CTL-2 B o i l e r  Cross Sect ion  

Figure 5 
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MASS 
TRANSFER 

SURFACE 
DEPOSIT 

0.006 

0.004 

0.002 

LAYER 
:.L!tFES 3 CARBURIZED 
0.001 

- 316 SS PIPE WALL 

AS POLISHED L - 8359 250 X 

Ins ide  Surface  of  NaK Containment Pipe Removed from 
RPL-2 Primary Loop a f t e r  800 Hours 

Exposure Immediately Upstream of  t h e  EM Pump I n l e t  

Figure 6 
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WELD MASS TRANSFER 
DROPTH ROUGH SURFACE DEPOSIT 

0.040 

0.030 

0.020 

0.010 

0 INCHES 

4- 316 SS 
PIPE WALL 

AS POLISHED L - 8360 50 X 

Inside Surface of NaK Containment Pipe at Butt Weld 
Removed f rom RPL-2 Primary Loop After 800 Hours 
Exposure Immediately Upstream of EM Pump Inlet 

Figure 7 
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0.015 - 

I 

- 0.010 

- 0.005 

- 0 INCHES 

316 SS PIPE WELD 
DROP TH ROUGH 

AS POLISHED L-8358 250X 

Ins ide  Surface  of  NaK Containment F ipe  a t  B u t t  Weld Removed 
from FPL-2 Primary Loop Af te r  800 Hours Exposure 

Immediately Upstream of EM Pump I n l e t  
(Expanded V i e w  of  T i p  of Weld Dropthrough Shown i n  Figure 7) 

Figure  8 
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4 

x A c 

I 
I 
I 
I t 

Hg FLOW OUT- 

- 

1 

A 

t 

- PERFORATED GUARD 

- FILTER CLOTH 

P ER FO RAT ED 
COLLECTOR TUBE 

SECTION A - A  

Liquid Mercury F i l t e r ,  RPL-2 

Figure 9 
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+ k- APPROXIMATELY 3 INCHES 

T 
APPROX. 
1/2 INCH 

\ METALLIC 
A p p R o x * ~  COATING 304 ss 1/2 INCH 

\ 

SECTION A - A  
(DRAWING NOT TO SCALE) 

NOTE A :  METALLIC COATING TO BE ON THE OUTSIDE 
AND INSIDE OVER APPROXIMATE AREA SHOWN 

A 

A 

Transition Joint - Transformer-Reactor Heat 
Sink to Lubricant/Coolant Pump 

Figure 10 
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ETP COPPER 
ETCHANT - "03 AND 

ACETIC ACID 

6061 ALUMINUM ALLOY - 
ETCHANT - KELLER'S 

L-7813 50 X 

6061-T6 Aluminum/EW Copper Interface on 

Af ter  1500 Hours at 35OoF 
Pressure Welded (Koldweld Process ) Transition Joint 

Figure 11 
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6061 - T6 ALUMINUM 
ETCHANT - KELLER'S 

COPPER COLD 
WORKED AREA / 

ELECTROLYTIC TOUGH 
PITCH COPPER ETCHANT - 4  

"03 AND ACETIC ACID 

6061-T6 Aluminwn/ETP Copper I n t e r f a c e  on 
Pressure  Welded (Koldweld P rocess )  Trans i t , ion  Joint - 

Produced by Kelsey-Hayes 

Figure 12 

- JOINT INTERFACE 

- 0.015 IN. 

0.030 IN. - 

- 0.045 IN. 

0.060 IN. 
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I 

6061 - T6 ALUMINUM 

L - 7939 5 x  

Frac tu re  Area on Tens i le  Spt.cimen o f  
6061-T6 Al/ETP CU Pressure-Welded (Koldweld Process)  

0 T r a n s i t i o n  J o i n t .  Specimen Tested a t  75 F 
Af ter  1500 Hours st 35OoF 

Figure 13 

ELECTROLYTIC 
TOUGH PITCH Cu 
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’ I  

g, 

‘ L -  

. 

AS POLISHED 

L - 7726 
500 x 

A11304 SS I n t e r f a c p  on Coextruded Tubul.ar 
T r e n s i t i o n  J o i n t  - Produced by Nuclvar Metals, Inc. 

Figure 14 
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. 
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AS POLISHED L - 8087 500 x 

A11304 SS I n t e r f a c e  on Coextruded Tubular 
T rans i t i on  J o i n t  A f t e r  350 Hours a t  275OF 

Figure 15 
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3 4 2  TEST CHAMBER WALL / 

A - B  

TEST SPECIMENS 

Test Specimens Holder for Thermal Exposure Study 

Figure 16 
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Figure 20 
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Creep Curves, 9Cr-lMo Welded and Unwelded Specimens 
(Tested a t  1325'F i n  A i r )  
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250X 5378 

INCHES 

.002 - 

,004 - 

.006 - 

.008 - 
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NASA COT\PITRACTOR RFPORT 

SNAP-8 MATERIALS REPORT FOR JULY-DECEMBER 1964 

Aerojet-General Corporation 

ABSTRACT 

Inves t iga t ions  of mater ia l s  were i n i t i a t e d ,  o r  continued, i n  a reas  where 
the  e s t ab l i shed  s t a t e  of the  a r t  was not we l l  enough developed t o  permit a 
r e l i a b l e  ma te r i a l  s e l ec t ion ,  and to- a s s i s t  i n  t he  design, development, f a b r i -  
ca t ion ,  and t e s t i n g  of var ious SNAP-8 components. 

A mercury forced-convection corrosion-loop inves t iga t ion  was continued 
with the  aim of eva lua t ing  the  corrosion r e s i s t a n c e  of gCr-lMo a l l o y  s t e e l  
f o r  10,000-hour se rv i ce .  Work was also i n i t i a t e d  or continued, on eva lua t ion  
of t he  r e s i s t a n c e  t o  mercury corrosion of candidate backup mercury-containment 
ma te r i a l s  

Data were developed t o  subs t an t i a t e  t h e  s e l e c t i o n  of 9Cr - lMo s t e e l  a s  
t h e  mercury-containment ma te r i a l  f o r  the SNAP-8 system, and t o  evaluate  
p o t e n t i a l  problems r e l a t e d  t o  i t s  use.  

Ab s t r a  c t 
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